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はじめに
宮城県沖のプレート境界では,約37年間隔でM7.5程度の地震が繰り返し発生してきた.前回の
1978年宮城県沖地震から既に27年昼上経過しているため,今後10年以内に発生する確率は50%
を越える.国の地震調査研究推進本部が,日本全国の地震について発生確率を評価しているが,
その中で最も高いのが宮城県沖地震である.
この宮城県沖のプレート境界で,お盆の帰省客のUターンラッシュがほぼピークに達した2005年
8月16日の11時46分に, M7.2の地震が発生した.この地震の影響で,東北･秋田･山形新幹線
は約半日間運転を停止し,ダイヤの乱れは翌日まで続いた.また仙台市内の公共施設で吊天井の
パネルが落下し多数の負傷者が出るなど,全体で負傷者79名,家屋の一部破損339棟などの被害
が生じた.
今回の地震は,場所としては想定震源域の中で発生したが,規模としては想定されていたM7.5程
度に較べて一回り小さく,地震調査研究推進本部の地震調査委員会は,想定している宮城県沖地
震ではないと評価した.そうであるとしたら,今回の地震は想定宮城県沖地震とどう関わるのだろう
か?また,想定宮城県沖地震の震源域で何が起きているのだろうか?これらの問いに答えを出すこ
とが,次の宮城県沖地震の地震像を明確にする上で極めて重要である.
そこで, 1)桐密な海底地震観測網を構築して,高精度の余震震源分布と震源域の構造を明らか
にし, 2)過去の地震の震源分布の再解析,地震波形･津波波形データを用いたすべり分布の解析,
GPS･海底地殻変動･相似地震データを用いたプレート間すべり分布の解析に基き,過去の宮城県
沖地震と比較しつつ震源域とその周辺におけるプレート間の固着とすべりを解明するとともに, 3)加
速度計及び震度計の波形記録の解析に基き,強震動発生過程を明らかにするために,緊急の調査
研究を実施した.本報告書はその成果をとりまとめたものである.本報告書が,今回提起された問題
を解決するため,また広く今後の地震防災の資料として有効に活用されることを願っている.
本研究の交付にあたっては,文部科学省研究開発局地震･防災研究課と自然災害研究協議会
の関係各位に多大なご尽力を賜った.また本研究を遂行するにあたって,多方面にわたり多くの
方々にご協力を頂いた.特に現地調査においてご協力頂いた方々,貴重な資料を快くご提供頂い
た関係各位に深く感謝する次第です.
2006年2月23日
研究代表者東北大学教授長谷川　昭
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Coseismic slip distribution of the 2005 off Miyagiearthquake (M7.2) estimated
by inversion of teleseismic and regIOnal seismograms
Tadashi Yaginumal, TomomiOkadal, Yuji Yagi2, To,u Matsuzawal, Norihito Uminol and Akira
Hasegawal
1 Research Center for Prediction of Earthquakes and Volcanic Erupt10nS, Graduate School of Science, Tohoku
University, Sendai980-8578, Japan
2Graduate School of Life and Environmental Sciences,Universlty OfTsukuba, Tsukuba 305-8572, Japan
A large earthquake (M7.2) Occurred along the plate boundary offMiyagi Prefecture (Miyagi-Oki), northeastern
Japan, on August 16, 2005. In this area, large earthquakes (～M7.5) have occurred repeatedly at intervals of
abput 37 years, and it has passed more than 27 years since the last event occurred. To estimate the relationship
between this earthquake and the previous events, We determined coseismic slip distribution by this 2005
Miyagi-Oki earthquake by adopting the seismic wave form inversion method of Yagiet al.(2004) and compared
with that of the previous 1978 Miyagil0ki earthquake. We performed two cases of the inversions; inversion
uslng Only far-field seismograms, and that using far-field seismograms and localseismograms simultaneously.
Both results show that large slip occurred near the hypocenter and rupture extended to the westward deeper
portion. The rupture area of the 2005 event partly overlappedwith the southeastern part of that of the 1 978
event･ This result possibly suggests that there exists plural asperities which cause the sequence ofMiyagi-Oki
earthquakes, and the 2005 event ruptured one of such asperities, although the previous 1 978 event ruptured all
the asperities at one time.
1. Introduction
A magnitude 7.2 interplate earthquake occurred at 1 1 :46 on August 16, 2005 at a depth ofapproximately　40
km in the Miyagi-Oki region (offshore of MiyagiPrefecture), northeastem Japan. A maximum seismic
intensityofjust under 6inJMA scale was observed in Kawasaki, MiyagiPrefecture, where considerable
damage was reported, including 91peOple injured and 1 house completely destroyed (according to the Fire and
Disaster Management Agency, Ministry of Public Management, Home Affairs, Posts and
Telecommunications).
Around the fわcal area of this event, int叩late earthquakes with magnitudes orabout 7.5 have repeatedly
occurred at average intervals of approximately 37 years (Headquarters for Earthquake Research Promotion,
2001 )･ The last Miyagi10ki earthquake (M7.4) occurred on June 12, 1978, and caused major loss oflife (28
deaths) and 1325people injured･ In recent years, a magnitude 7.日ntraslab earthquake occurred nearby on May
26, 2003 (Okada and Hasegawa, 2003). On July 26 0fthat same year,another magnitude 6.4 inland shaHow
crustal earthquake occurred (Okada et al., 2003; Umino ef al., 2003), attracting considerable attention. Recent
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investigation on interplate earthquakes suggest the existence of asperities along the plate boundary east off
northeastern Japan (Nagai et al., 2001 ; Okada et al., 2003; Yamanaka and Kikuchi, 2004; [garashi et al･, 2003;
Matsuzawa et al., 2004; Uchida et al., 20051 Hasegawa et al., 2005). Back slip inversions ofGPS data have
shown that large back slip is distributed in the source area of the Miyagi-Oki earthquake (Suwa et al･, 2004).
Hasegawa et al. (2004) suggested that the July 26 M6.4 earthquake was due to the strong coupling in the
asperity reglOn Ofthe Miyagi-Oki earthquakes, which causes compressive stress in the layer in which the July
earthquake occurred. Thus, in recent years, scientists have come to believe that the plate boundary at the
Miyagi-Oki earthquake asperities is strongly coupled.
Clariflcation of the relationship between this latest earthquake and the last Miyagi-Oki Earthquake, which
occufred more than 27 years previous, is important in improvlng the modeling of Miyagi10ki earthquakes, and
therefore in disaster prevention. Jn the present paper, the rupture area in the 2005 Miyagi-Oki earthquake is
estimated from the slip distribution determined by seismic wave form inversion of Yagiet al. (2004). Then, by
comparisonwith the slip distribution of the Miyagi-Oki earthquake (Seno et al･, 1980; Yamanaka and Kikuchi,
2004), the relationship between the 2005 Miyagi-Oki earthquake and the 1 978 Miyagi-Oki earthquake is
discussed.
2.Method
The wave form inversion method ofYagief al. (2004) was used in the analysis. This method involvesjoint
inversion ofteleseismic body wave records and reglOnal strong motion records. The fわrmer is suitable f♭r
determlnlng the approximate extent of the rupture area, while the latter is suitable for determlnlng the detailed
rupture process. Use of the two sets of data provides the advantages of both in the analysIS reSults･
In this research, the analysis was carried out in two stages. First, the existence ora broad (135 kmX 135 km)
fault plane was assumed and the approximate rupture area was estimated by the wave form inversion of
teleseismic body wave records. Next, to attempt a more detailed estimation of the rupture area, the assumed
extent of the fau)t plane was reduced to 90 km X 90 km, and joint inversion ofresional strong motion records
and teleseismic body wave records was performed. The assumed fault plane was divided into 9 × 9 small faults.
3.Data
Wavefbrm data used in the analysts Were Obtained as fわllows. Teleseismic body wave records were those
recorded by the Incorporated Research Institutions fわr Seismology (IRIS) at 24 broadband seismograph
observation stations (Fig. 1(a)), and regional strong motion records were obtained at 3 basement strong motion
observation stations orKiK-net, which is operated by the National Research Institute or Earth Science and
Disaster Prevention. Data from an observation station of the MiyagiPrefecture Seismic Observation Network
were also used (Fig. 1(b)). A 0.0111.0 Hz bandpass filter was applied to the teleseismic body wave records, and
a 0. 1｣).5 Hz bandpass rllter was applied to the reglOnal strong motion records･ Both records were converted to
5 Hz sampling displacement wavefbrms･
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The eplCentral location adopted, 38. 1 44oN, 1 44.299oE, was that determined by Hi-net of the National Research
Institute of Earth Science and Disaster Prevention. The depth of the hypocenter was taken to be 37 km, which
was determined by using OBS data (Yamamoto et al., 2005; Hino et a1., 2005).
For the geometrical parameters of the fault model, the AQUAICMT values of the NationalResearch Institute
orEarth Science and Disaster Prevention were used: strike 198.20, dip 22.20. The assumed seismic velocity
structure model is glVen in Table 1.
4.Results
4.1 Results assumlng a broad fault plane
The seismic moments Obtained are M0 - 8･8× 1019 Nm and Mw - 7･2･ The estimated slip distribution is shown
in Fig. 2. The maximum slip is about 0.70 m, which occurred near the point where the main shock rupture
initiated. The region of large slip during the earthquake extends in the direction of dip toward greater depth (the
vlest side). The process by which rupture progresses in the direction of dip toward greater depth (particularly
4-8 s a洗er the onset of rupture) can also be seen in the depiction of the rupture process in Fig. 3. The rupture
stopped 12 s a洗er the onset and then appears to have reactivated in the 13-15 s interval. This is seen on both
sides of the strike. It is possible that this is due to deviation of the actual seismic velocity structure from the
assumed structure modeL The slip amount of this second portion of the rupture was also relatively small, only
0.23 m, which may not be important in reproduction of the overall rupture process. Accordingly, this delayed
rupture is not discussed in the present paper.
A comparison of the theoretical wave form and the observed wave form is shown in Fig. 4. 1t is seen that the two
agree reasonably well.
4.2 Resu)ts assuming a Smaller fault surface
The obtained seismic momentsare M0 - 8･9X low N m and Mw - 7･2･ The distribution ofslippage and a
comparison between the theoretical wavefbrms and the observed wavefbrms are shown in Figs. 5 (a) and (b).
Since this result is a result of joint inversion, the results for the 4 near strong motion observation stations are
also shown. The slip distributions when the Moho thickness in the velocitystructure model is varied are shown
in Figs. 5 (C) and (d). Inall of the slip distributions, relatively large slip occurs at the comers of the assumed
fault plane. However, in Fig. 2, which shows an overall view of the rupture reglOn, Significant amounts ofslip
are not seen in these reglOnS. For this reason, the slip around the hypocentral reglOn that could not be
reproduced is considered to have been pushed to the comers of the fault surface. This may be related to the
assumed velocity structure model as in the case shown in section 4.I.
5. Discussion
5･l Analysis assumLng a broad fault I)lane
The final slip distribution in Fig. 2 and the rupture process shown in Fig. 3 suggest that followlng the main
rupture in the vicinity of the hypocenter, rupture proceeded along the dip direction to greater depth. This
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implies that the rupture proceeded toward the west, which can be seen from the directional dependence of the
orlg)nal observed wave forms. For example, looking at the comparison between the theoretica) wave forms and
the observed wave forms in Fig. 4, at observation stations east and west of the hypocenter, the rise of the
wave form ofP wave differs in that the rise is sharp and spiked at the westem observation stations, and gradual
and angled at the east observation stations. The overall appearance of the wave forms depends great)y on the
direction of the observation stations. It is therefore believed that the difference in wave forms is due to.the
directivity. From the fact that the wave form at the western observation stations is spiked, it can be said that the
propagation or rupture toward the west is natural glVen the directional dependence orthe wavefbrm･
5.2 AnalysIs assum)ng a smaller fault plane
The s一ip distribution iridicates that a允er the large slip in the vicinity of the hypocenter, rupture propagated in
the direction ordip to greater depth (toward the west). Comparison with Figs. 5 (C) and (d) reveals that when
the Moho is set deeper, the details of the slip distribution change. Thus, the slip distribution appears to be
affected by variations in the velocitystructure. However, the distributions have two features in common: the
principal rupture occurs in the vicinity of the hypocenter, and the rupture propagates to the west. These features
are also similar to those obtained from the results ofanalysIS uSIng Only the teleseismic wave forms.
In the present inversion, the observed wavefbrms were not weighted equally. The easトwest component in
Tsuyama (TUYAMーEW) was weighted less because when uniform weights were used, the wave form at the
western observation stations could not be reproduced well. In manual adjustment to reproduce the spiked rise
that played an important role in section 5.1, it was found that the problem was solved by decreaslng the weight
of the east-west component in Tsuyama. This is probably caused by a difference between the veloclty Structure
in the vicinity of the Tsuyama observation station and that used in the present analysts.
5.3 Comparisonwith the 1978 M7.4 Miyagi10ki earthquake
The relationship of the present earthquake to the 1978 Miyagi-Oki earthquake is discussed by comparlng the
results obtained from the analyses of the two earthquakes. Figures 6 (a) and (b) superimposes the slip
distributions for the I 978 Miyagi-Oki earthquake (Yamanaka and Kikuchi, 2004)with those for the 2005
Miyagi-Oki earthquake and the respective aftershock distributions (Okada el al., 2005). Since the slip
distribution for the 2005 event was obtained referring to the results of both the teleseismic wave form inversion
and the joint inversion, the results are shown in two figures (Figs. 6 (a) and (b)). Normally, thejoint inversion
result (Fig. 6 (b)) Would be used by itselfas the flnal solution, but since it is very sensitive to changes in the
velocitystructure model, it is diffTICult to determine a unique solution. For this reason, both solutions are
discussed.
Comparlng the respective aftershock distributions for the 1978 and 2005 Miyagi-Oki earthquakes, it is seen that
a氏ershocks of the 2005 earthquake occurred on the south-Southeast side of the aftershock area of the I 978
Miyagi10ki earthquake (Okada et al., 2005). Practically no aftershocks occurred southeast of the hypocenter,
whHe the activitynorth of the hypocenter in this latest earthquake is lower than that in the 1978 Miyagi-Oki
earthquake. Thus, aftershocks are mainly distributed west of the hypocenter; the characteristics of the
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attershock distribution suggestthatrupture propagated toward the west during the main shock.
Asa result ofanalysis of the 2005 Miyagi-Oki earthquake, when either uslng the teleseismic wave forms alone
or in tandem with the reglOnal seismic wave forms, the slip distribution shows that aRer the prlnCIPal rupture
occurred in the vicinityofthe hypocenter, rupture progressed toward the west. Based on the above discussion
of the aftershock distribution, this can be said to be a natural result･ Further, from Fig･ 6, which compares the
slip distributions for the 1978 Miyagi-Oki and 2005 earthquakes, it can be seen that the rupture area for the
一atest earthquake occurs in the same reglOn aS that fわr the 1978 Miyagi-Oki earthquake･ Both the results
obtained using the teleseismic wave forms and those using both the teleseismic wave forms and the regIOnaI
seismic wave forms reveal large slip in the southeastern part of the 1978 rupture area, and expansion of the
rupture toward the westこIn the case ofthejoint inversion, the expansion toward the west is more pronounced.
Thus･ therupture area of the 2005 earthquake is characterized by occurrence of the prlnCIPalrupture in the
southeastem part orthe rupture area during the 1 978 Miyagi-Oki earthquake and the subsequent westward
progression of the rupture.
Seno et all (1980) have estimated the rupture area of the 1 978 Miyagi-Oki earthquake, and the result is shown
in Figs･ 6 (C) and (d)･ Comparison with the result by Yamanaka and Kikuchi (2004) shown in Figs. 6 (a) and (b)
shows that both sets ofresults include 2 or 3 asperities or sub-faults in the northeastem and southwestern parts
of the reg10n･ )n both cases, these asperities are distributed north and west of the 2005 hypocenter･ ln both cases
ofFig･ 6, it seems that the large and small asperities indicated in the previous reports were not ruptured in the
2005 earthquake･ However, it is believed that the 1978 rupture took place around the periphery of the 2005
earthquake･ ln particular, Seno et al･ (1980) believed that there existed sub-faults with large slip amount in the
vicinity of the 1978 hypocenter and in and around the 2005 earthquake rupture area･ It is possible that the 2005
earthquake ruptured some of the same small asperities that had been ruptured by the 1978 earthquake･ From
research conducted thus far it appears that there is little possibilitythat rupture propagated northward from the
hypocenter. Accordingly, within the rupture area of the 1 978 Miyagil0ki earthquake there must be asperities
extending to the north that have yet to rupture.
6. Conclusions
The slip distribution for the 2005 Miyagi-Oki earthquake (August 16) was determined. The results indicate that
the rupture process consisted ofa main rupture in the vicinityofthe hypocenter, followed by propagation of the
rupture toward the west. This is compatible with the directivity seen in the teleseismic wavefbrms and the
spread orthe a触rshock distribution.
Comparisonwith the slip distribution for the 1 978 Miyagi-Oki earthquake revealed that the 2005 earthquake
ruptured part of the rupture area of the 1 978 Miyagi-Oki earthquake (particularly the southeastern part), but
most orthe asperities orthe 1978 earthquake are not considered to have ruptured in the subsequent event. This
suggests that the Miyagi-Oki earthquakes have been caused by several asperities rather than one large asperity.
That is, severalofthese asperities ruptured simultaneously in the 1978 Miyagi-Oki Earthquake, but it is
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believed that in this latest earthquake only part of that reg10n Was ruptured. Thus, it is possible that a series or
severalMiyagi-Oki earthquakeswill Occur, as pointed out by Umino et al. (2005) for the 1933, 1936 and 1937
earthquakes. Consequently, 1n Order to construct a model of Miyagi-Oki earthquakes, it is perhaps necessary to
identifya group of asperities in which Miyagi-Oki earthquakes occur and then consider the possibilityof
successive rupture.
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Fig･ 1 : Distribution of observation stations (triangles) for which records were used in theanalysis. The star
shows the epicenter of the main shock･ (a) Observation stations used to obtain the teleseismic body wave
records･ (b) Observation stationsused to obtain the regional strong motion records.
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2005年8月16日宮城地震による津波の波源域推定と再現計算
今村文彦,大垣圭一,越村俊一,阿部郁男
東北大学大学院工学研究科附属災害制御研究センター
要旨
沿岸などで観測された第-波の到達時間および波高などの津波データを利用して,津波
の波顔位置や広がJりを推定した.今回は断層を仮定し,その形状と位置を検討した.線
形の波動伝幡逆解析により,波源は想定宮城県沖地震の南側に位置していることが示さ
れた.断層の滑り量については, 0. 5 m程度が津波の記録を説明するには妥当であり,也
震波解析の結果より,小さいことが示唆されている.
1.はじめに
2005年8月16日宮城県沖を震源とする地震(M7.1気象庁)により津波が発生し,宮城･岩
手県などの東北地方の太平洋沿岸では若干の潮位変動が観測された.本地震の震源は今後
30年間の発生確率が99%とされる宮城県沖であり,想定宮城県沖地震との関連が注目されて
いる.長谷川ら(2005)は観測された地震波の解析によって,想定宮城県沖地震との関連を調
べているが,本研究では,沿岸で津波された検潮記録を利用して津波波源を推定し,想定宮
城県沖地震との関連を調べることを目的とする.
2.計算諸元
グリッドサイズ450mの地形データを使用し, 2つの手法を用いて数値計算を行った.数値計
算の第一手法として,津波波源推定のために波動伝播速度の原理を利用した波向線法により
求める逆伝播手法を用いる.波向線法の支配方程式を(1)式に示す.
雲-三(sinO芸-cos顔　　　　　(1,
ここで, 8は屈折角,Cは波速,Sは波向線に沿った距離,hは水深である.
また,数値計算の第二手法として,推定した断層モデルの検証のために津波伝播計算を行う.
数値計算には, (2),(3),(4)式で示す非線形長波理論をleap-frog法で差分化した.
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晋･誓十号-o
普.言(i) ･吉(翠+gDe･索MJm-o
(2)
(3)
晋.芸(晋)･3(i)･gDe･索N抑-o (4)
ここで,丁目ま静水面から水位上昇量, M,NはX,y方向の流量フラックス(単位幅流量), D(=h+
7日は全水深, gは重力加速度, nはManningの粗度係数として0.025を与え,時間間隔1.0
秒,再現計算時間を4時間に設定し数値計算を行った.
各機関から提供を受けた検潮記録(釜石,釜石沖海底津波計,大船渡,気仙沼,志津川,鮎
川,仙台,相馬)を津波観測波形として利用するが,沿岸部で観測された津波は数　cm　と小さ
いために,津波到達時刻や水位の読み取りには誤差が含まれている可能性があるので注意が
必要である.また,残念ながら,釜石沖海底津波計のデータには,地震直後に水位記録につ
いての欠測部分があり,津波成分のみを抽出するために移動平均を取ったが,津波到達時刻
の読み取りは不可能になった.
3.逆伝播手法による津波波源推定
(1)津波到達時刻(ゼロクロス)の逆伝播
各観測位置の津波観測波形の第1波ゼロアップクロス点を津波到達時刻として描いた逆伝播
波面は,津波波源の端に接する.従って,複数の逆伝播波面を描くことにより,平面的に津波
波源の位置を推定することが出来る.津波波源を推定した結果を図1に示す.この結果から,
逆伝播波面が到達しなかった津波波源の南西側以外の領域を推定することが出来た.また,
波源北側の広がりは,釜石と大船渡の逆伝播結果のどちらを採用するかによって変わるが,仮
に釜石の結果を採用した場合,津波波源域は想定宮城県沖地震(単独)よりもやや南側という
ことになる.
(2)津波第1波ピーク時刻の逆伝播
各観測位置の津波第1波ピーク時刻を起点として描いた逆伝播波面は,海底面の最大隆起
位置(初期水位分布の最大位置)に達する.逆伝播結果を図2に示すが, ☆印は9個中7個
の逆伝播波面が集まった位置, ◇印は大船渡を除いた6個の逆伝播波面が集まった位置であ
る.本地震の震源深さは30-40kmと深く,初期水位分布は滑らかな分布となると考えられるが,
推定した津波波源域との関係から考えると, ☆印が推定津波波源域の北西端付近に位置する
のに対し, ◇印は推定津波波源域のほぼ中央に位置するため,最大隆起位置として妥当な位
置であると判断される.
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図1.津波到達時刻(ゼロクロス点)　　　　　　図2.津波第1波ピーク時刻の
の遭伝播結束　　　　　　　　　　　　　　　遭伝播結束
表1.断層パラメータ
N(○) 燃?ｲ?L(km) 瓶?ﾒ?8(○ 著??ｲ?A(o 樗B???(km) 
modeト4 ?ゅ#?142.45 鼎??30,0 ???0 塔r?.5 ???
modeト7 ?ﾃ3ゅ??42.37 鼎??33.6 ???2 塔b?_5 鼎??
-- -lli=-:_I I;: _::,-i----I -- -
(b)model-4
-- -;==1--=I :: _ _毎-_
(C)model-7
◆津波による推定　　圏想定宮城県沖地異
最大隆起位置
図3.各断層モデルの初期水位分布の比較(コンター0.02m間隔)
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表2.津波到達時刻の比較(単位:min)
Ram 沫6?I 尾gV?F?噺W6V跚Vﾖ??彪ｶ?????
arr 蒜?1st-peak ?'&ﾅf?1st-peak ?'&ﾅf?1Sトpeak ?'&ﾅf?1st-peak ?'&ﾅf?1st-peak 
observed ??鼎?25 ??28 ?2?0 ?R?7 田b?
modeト1 ?b?3R?5 ??26 ?2?0 ??47 鉄?
modeト4 ???r?6 ??2?8 ?B?2 ??51 鉄?
modeト7 ???b?5 ??23 ??19 ?r?6 鉄B?
4.津波伝播計算による断層モデルの比故
本研究の逆伝播解析結果や地震調査推進本部などによって行われた地震波解析の結果を参
考にして,断層パラメータを設定し,津波伝播計算を行った.本研究では表lに示す3つの断
層モデルを用いて,,その結果を比較する.
mode1-1:100個の副断層,筑波大学八木氏による地震波解析の結果
mode卜4:1枚断層,本研究逆伝播解析結果を参考に設定
mode1-7:1枚断層,地震調査研究推進本部発表の断層モデルのすべり量を
1.95m-0.50mに変更した断層モデル
(1)初期水位分布の比較
3つの断層モデルによって得られた津波初期水位分布を図3に示す. model-1は波源域が広
範囲にわたり, model-4,7はmode卜1より波源の広がりは小さい.また, model-7はmodeト4
よりやや陸寄りに波源が位置し,初期水位もやや小さい.
表3.津波波高の比較(単位:cm)
Kamaishi 儖funato 僵esennuma 僊yUkawa 儡oma 
1st-peak ?Fﾆ??Sトpeak 蒙??st-peak 蒙??st-peak 蒙??Sトpeak 蒙??
observed ?繧?.4 ?紕?.4 湯綯?.6 澱繧?.8 迭縒?.4 
modeト1 迭綯?l.6 迭綯?.6 唐??.0 唐綯?.6 釘纈?.7 
modeト4 釘??0.6 ?紕?.6 澱紕?.4 免ﾂ纈?l.9 迭??.1 
model-7 ?繧?.1 ???.7 釘??.1 迭紕?.4 釘紕?.5 
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図4.津波時系列波形の比較(mode卜7の結果)
(2)津波到達時刻の比較
三陸沿岸の釜石,大船渡,気仙沼,鮎川,相馬における津波到達時刻の比較結果を表2　に
まとめる.どの断層モデルの計算においても,相馬の第1波到達時間を再現することはできな
かったが,津波到達一津波第1波ピーク時刻の1/4周期は各モデルで良好に再現することが
できたため,津波波源の広がりは妥当であると考えられる.また, mode卜4　では相馬以外の津
波到達時刻を比較的良好に再現することができ,初期水位分布の北端と南端は逆伝播結果と
よく一致していたため,波源の広がりが最も一致する断層モデルである考えられる.一方,
model-4よりもわずかに陸寄りに位置するmode1-7でも,各地点での津波到達がやや早いも
のの,良好な結果が得られた.
(3)津波波高の比較
三陸沿岸の5地点における津波波高の比較結果を表3にまとめる.大船渡,鮎川の波形は,
断層モデルによる違いが小さく,津波挙動を良好に再現することができた.しかし,釜石では第
1波と後続波が同程度の波高が観測されている点,また,気仙沼は鮎川より津波波源から離れ
た位置にあるが,鮎川より大きな津波が観測されている点の2点を説明できる断層モデルは得
られなかった.図4には,時系列波形が比較的一致したmode1-7によって得られた沿岸にお
ける時系列波形の比較結果を示す. model-7では,大船渡,釜石,鮎川では波高や周期が良
好に一致しているが,気仙沼での津波波高は観測値よりも小さく計算されている.
津波波高に大きく関係するすべり量に関し,本解析では津波伝播計算を行う際に, D=0.50m
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に設定したが,地震波解析による結果はD=1.95mであり, 4倍程度の違いがあるため,これに
ついて今後の検討が必要である.
5.まとめ
逆伝播手法を利用して津波波源域を推定した結果,今回の波源域は想定宮城県沖地震より
もやや南側の領域であることが分かった.また,全ての観測点での津波波形を再現する断層モ
デルを得ることはできなかったが,時系列波形が比較的良好に一致した断層モデルから計算
された津波波源の広がりは,逆伝播手法により推定した結果と良く一致した.
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THE 2005 M7.2 MIYAGI-OKI EARTH(〕UAKE, NE JAPAN: POSSIBLE RE-
RUPTUNNG OF ONE OF ASPERITIES THAT CAUSED THE PREVIOUS
M7.4 EARTHQUAKE
TomomiOkadal Tadashi YaginumaI Norihito UminoI Toshio KonoI Toru MatsuZ:aWa,
Sacko KitaI Akira Hasegawa
Research CerLter for Prediction of Earhquakes and Volcanic EruptionsI Graduate Schoo] of Science,
Tohoku Univerisity
A large (M7･2) interp]ate earthquake occurred on 16 August 2005 in the Miyagi-Oki region, where large
interplate earthquakeswith magnitude of～7･5 have occurred repeatedly at a recurrence interval of～ 37 yrs,
NE Japan･ We compared aRershock distribution of the 2005 Miyagi-Oki earthquakewith that of the
pr9Vious 1978 Miyagi-Oki earthquake (M7.4) using double-difference hypocenter locations. The
a允ershock area of the 2005 Miyagi10ki earthquake is partly overlappedwith the southern/southeastern part
of that of the 1978 event. Locations ofaftershock clusters of the 2005 event correspondwith those of the
1978 event and those orthe background seismicity･ Coseismic slip area orthe 2005 event estimated by
seismic wavefbm inversion is also partly overlapped with that of the 1978 event. These obseⅣations
suggest that spatialseismicity pattern on the plate boundary ln Subduction zone persists and the 2005 event
possiblyruptured a part of the source area of the 1 978 event.
1. Introduction
On August 16, 2005, a large earthquake occurred in the Miyagi-Oki region (offshore of Miyagi
Prefecture) in northeastern Japan･ The JMA (Japan Meteorological Agency) magnitude of this event is 7.2
and its seismic moment is estimated to be 5･4 x 1019 Nm (Mw7･l ; F-Net, NIED, 2005). Hypocentral
location and fわcal mechanism (e･g･ F-Net, NIED, 2005) show that the 2005 Miyagi-Oki earthquake
occurred along the boundary between the subducting Pacific Plate and the overriding plate (Fig. 1). Tn this
area, large inte巾Iate earthquakes with magnitude oトM7.5 have occu汀ed repeatedly at a recu汀enCe
interval of～37 yrs (The Headquaters for Earthquake Research Promotion, MEXT, Japan, 2003). Base on
this recurrence of large earthquakes, the Headquarters of Eallhquake Research Promotion of the Japanese
govemment released the infomation of high probability (～50%within 10 years from now) of the
impending earthquake to the public (The Headquaters for Earthquake Research Promotion, MEXT, Japan,
2003)･ The last earthquake (the M7･4 Miyagi-Oki earthquake) occurred in 1978. Seno et al. (1980)
showed that fわcal mechanism of the 1978 M7･4 (on the JMA scale) Miyagi-Oki earthquake is thrust-type
and the seismic moment is 3･1 x 10 20 Nm･ They also proposed two- and three-segment fault models to
explain the seismograms of both far and nearby stations･ Recent research oninterplate earthquakes east off
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northeastem Japan (Nagai et a1., 2001, Okada et a1., 2003a, Yamanaka and Kikuchi, 2003, Matsuzawa et a1.,
2004, Hasegawa et all, 2005) suggests the existence of asperities along the plate boundary in this region.
Asperities are persistent areas of strain accumulation that prevent slippage in interseismic period, but cause
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Fig 1 I Hypocenters of the 2005 Miyagi-Oki earthquake (M7.2; blue star), the 1978 Miyagi-Oki earthquake
(M7･4; red star), and the?oTresponding aRershocks (blue circles and red crosses, respectively). Gray circles
denote background seismlClty in the period from August 1 6, 2002 to May 2005 according to the Japan
Meteorological Agency (JMA) catalog. (Upper) Epicenter map showing the locations of the 1933 (M7. I ),
I 936 (M714)and 1937 (M7. I) earthquakes (gray stars) according to the JMA catalog. Blue contour lines
denote bathymetry･ Moment tensor solution of the 2005 earthquake by F-net, NIED, Japan is also shown by
lower hemisphere projection･ (Lower) Across-arc vertical crosysection (A-A') of the earthquakes showing the
lateral extent of land area (bold line) andthe trench axis (blue Inverted triangle).
large slip upon failure, leading to earthquakes at repeated intervals. From GPS observations, it is estimated
that large back slip occu汀ed befわre the 2005 Miyagi-Oki earthquake in the reglOn around the hypocenter,
where the plates were in tight contact (Suwa et al･, 2004, Hasegawa et a1., 2005). Although the magnitude
of this earthquake was slightly smaller than those of the major earthquakesinthe past, the hypocentral
position was close to that determined for previous earthquakes･ It is important to clarify the relationship
between this latest earthquake and past Miyagi-Oki earthquakes in order to understand the mechanism of
occurrence of earthquakes at plate boundaries and to predict the location and the size of the next earthquake
in this area･ In the present study, the distributions of aRershocks and coseismic slip of the latest 2005
earthquake are investigated and compared with those for the last 1 978 earthquake.
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2. ARershock distribution
The aim of the present research is to compare the aftershock distributions of the 2005 earthquake
with that of the 1 978 earthquake. The hypocenters are detemined by the double-difference method
(Waldhauser and Ellsworth, 2000)using travel-time differences between earthquakes at each station. This
method resolved the relative hypocenters of many earthquakes･ We relocated the 1 978 earthquake and its
343 aRershocks within 2 days of the main shock, and the 2005 eventand its 132 aflershocks within 2 days
of the main shock･ Hypocenters of 1 1 50 earthquakes that occurred from January 2002 to August 1 5, 2005
are also relocated as background seismicity. We used P-wave arrival time data which were recorded at 1 33
stations of the seismic network maintained by various universities, the JMA, and Hinet of the NIED. The SI
wave arrival times recorded for the 1 978 earthquake are considered to be of poor･ accuracy due to saturation
of the wavteformS･ Therefore, only P-wave arrival timesare employed in this study･ Fourteen stations were
common during both the 1 978 and 2005 earthquakes, allowlng the relative hypocentral positions to be
determined between the 1 978 and 2005 earthquakes, as well as between the aRershocks of each event.
Standard error of the relative location is estimated to be about 3km. The velocitystructureused in
hypocenter determination is that of Hasegawa et al. (1978). Note that, as most of the stations adopted in the
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Fig･ 2 (a) Hypocenters of the 2005 Miyagi-Oki earthquake (M7.2; blue star), the 1978 Miyagil0ki earthquake
(M7･4; red star), and the corresponding aftershocks (blue circles and red crosses, respectively). Gray points
denote relocated background seismicity(January 20021August 1 5, 2005). (a) The 2005 event. (b) The 1978
event. (C) Background seismicity. (d) all the events.
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present research are located on land, and thus are not just above the hypocentral reglOn, the accuracy of
depth determinations for offshore hypocenters needs to be considered, although epicenters can be
accurately determined to some extent even without the offshore seismic stations (see Okada et a1., 2004).
The distributions of the mainshocksand anershocks are showninFig･ 2･ The main shock of the
2005 earthquake was closely locatedTto that of the 1978 main shock･ Spatial extent of the aRershock area of
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Fig･ 3 (a) Coseismic slip distribution for the 2005 Miyagi-Oki earthquake (blue contours; 0. 1 5 minterval) and
(b) the 1978 Miyagi10ki earthquake (red contours; Yamanaka & Kikuchi, 2004; 0.3m interval). (C) The 31
segment fault model of the 1 978 Miyagi-Oki earthquake (quadrangles; Seno et a1., 1980). The amount of
coseismic slip is 412m, 2･Omand 213m onthe lst, 2nd and 3rd segments, respectively･ Locations ofaRershocks
of the 1978 and 2005 earthquakes are also shown.
the 2005 event is 80km and 40km in dip and strike directions, respectively･ High aftershock activity was
observed in the central part of the aRershock area, which is located to the north-west of the mainshock
hypocenter･ The aftershock area of the 2005 event is overlapped with the southern/south-eastem part of
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that of the 1978 event･ The positions ofaftershock clusters in the 2005 earthquake are in good agreement
with the positions of clusters f♭r the 1978 earthquake, and co汀eSpOnd closely with the positions of clusters
in the background earthquake distribution. Such agreement in the spatial distributions of a允ershocks has
also been reported for the 1 968 Tokachi-Oki earthquake and the 1 994 Sanriku-Haruka-Oki (far offshore of
the Sanriku Coast) earthquake (Nagaiet al･, 2001 ), and the 1966 and 2004 Parkfield earthquakes
(Hardebeck et al･, 2005, Langbein et a1., 2005). This is though to be due to the long-term persistence or
large asperity and its surrounding numerous small asperities (Matsuzawa et a1., 2004, Hasegawa etal.,
2005)こ
A complementary relationship between the distribution of coseismiC slip ln an earthquake and the
aflershock distribution has also been reported in previous researches (Mendoza and Hartzell, 1988, Nagai et
a1., 200.1, Okada et a1., 2001, 2003b, Seno, 2003), )n the present case, the complementary relationship
between the coseismic slip distribution and the a允ershock distribution of the 1978 earthquake is not so
clear (Fig･ 3 (b), (C))･ However, the aRershock activity along the northem portion of this region was
relatively low in the 2005 event compared to the 1978 event. From the partial overlap between the 1978
aRershock distribution and the 2005 aftershock distribution, it can be thought that the coseismic slip area of
the 2005 earthquake does not extend further north than that of the 1978 earthquake, and that the coseismiC
slip areas by the two earthquakes partially overlap. The coseismic slip regIOn Ofthe 2005 earthquake is thus
considered to co汀eSpOnd to at least the southeastem part of the 1978 earthquake coseismic slip reglOn.
3. Coseismic slip distribution
The coseismic slip distribution or the 2005 earthquake was determined by uslng the seismic
wavefbrm inversion method developed by Fukahata et al. (2003) and Yagi et al. (2004). Broadband
wavefbms斤om the Data Management System or the lnco叩Orated Research Institutions fわr Seismology
(IRIS-DMC) were employed as data. A total or 24 stations are distributed azimuthally well around the
hypocenter (Fig. 4). The wave forms are 80s long, starting lOs prior to PIWaVe arrival, and were
processed by a 0.01-I Hz bandpass filter. The fault plane was assumed to have a strike of 198.2o and dip
of 22.20 based on results from AQUAICMT, NationalResearch Institute for Earth Science and Disaster
Prevention (http://www.bosai.go.jp). The fault plane was modeled as a 1 35 km x 1 35 km plane consisting
of 81 sub-faults of 15 km x 15 km. The earth structure model used to compute the teleseismic body wave
is based on the Jeffreys-Bullen model.
The coseismic slip distribution obtained by this inversion reproduced the observed wave form well
(Fig･ 4)･ The coseismiC slip distribution was centered to the northwest of the hypocenter, extending
approximately 30 km in the dip direction and 20 km in the strike direction (Fig. 3 (a)). Fig. 3 (b) and (C)
show the coseismic slip distribution by Yamanaka and Kikuchi (2004) and the three-segment fault model
by Seno etal･ (1980) of the 1978 earthquake, respectively. The coseismic slip region of the 2005
earthquake corresponds to the southeastem part of the coseismic slip reglOn Of the 1978 earthquake. The
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estimated maximum slip in the 2005 event was l･5 m･ From the estimated relative velocity between the
plates, 8 cm/yr (Seno et al･, 1996), this estimated maximum slip corresponds to less than the 2.2 m or
relative displacement between plates that should have occu汀ed in the 27 years since the last 1978
earthquake･ The rupture continued fわr approximately 20 S･
The coseismic slip distribution determined from GPS observations (Miura et a1., 2005) exhibited a
similar correspondence with the southeastem part of the coseismic slip reglOn Ofthe 1978 earthquake, and
is in general agreement with the a鮎rshock distribution and coseismic slip distribution detemined in the
present research.
4. Conclusions
The present study resolved the aRershock distribution of the M7･2 Miyagi-Oki earthquake on
August 1 6, 2005･ The hypocenters were determined by the double-difference method, and were compared
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with the aRershock distribution of the previous M7･4 1978 earthquake･ The coseismic distribution was
determined by seismic wave form inversion andalso compared with that of the 1978 earthquake･ The
coseismic slip reglOn Of the 2005 earthquake appears to co汀eSpOnd to the southeastem part of the
coseismic slip reglOn Of the 1978 earthquake, suggesting that the coseismic sHp ln part involved re-
activation of the coseismic slip reglOn Ofthe 1978 event.
Umino et al･ (2005) relocated the main shocks and aftershocks for the 1933, 1936 and 1937
Miyagi-oki earthquakeswith M > 7, and have suggested the possibHity that the aftershock distribution of
the 1 936 event is similar to that of the 2005 earthquake･ They further showed that the combined aftershock
distribution of the 1933, 1936 and 1937 earthquakes is in close agreementwith that of the 1 978 earthquake･
One possible interpretation orthese results is that the 1978 earthquake involved the simultaneous rupture of
the plural asperities which are in close proximity with each other, while the 1933, 1936 and 1937
earthquakes as well as the 2005 earthquake occurred due to rupture of asperities in a more limited region
within the group that failed in the 1978 event･ These results propose a hypothesis that several asperities
e丈ist offshore of MiyagiPrefecture, and that those asperities rupture repeatedly at sometime simultaneously
and at other time separately･ Note that the amount of coseismic slip during the 1978 event in the lst
segment, which almost comSpOnds to the source area of the 2005 event, is estimated to be as large as about
4 m斤om the three-segment model by Seno et all (1980) although rather small slip (less than 0.3m) is
estimated in and around the source area orthe 2005 event by Yamanaka 皮 Kikuchi (2004). lfwe employ
the three-segment model by Seno etal･ (1980), we can infer that the 2005 event re-ruptured one of the
asperities which caused the 1978 M7･4 event. More careful studies on the relative locations of the
coseismic slip distributions of the 2005 and 1978 events are necessary to conclude whether or not the 2005
event have actually reィuptured one of the asperities responsible f♭r the 1978 event. To凡Irther
understanding of the mechanism of interplate earthquakes, the main shock positions, aftershock
distributions and coseismic sup distributions of the past MiyagiーOki earthquakes should be redetermined
with greater accuracy and inte叩reted･
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Revisit to the 1930S'three Miyagi-oki earthquakes with magnitude more
than　7 : Possible rupturing of asperities that caused the 1978 M7.4
Miyagi-oki earthquake
Norihito Uminol, Toshio Konol, Tomomi Okadal, Junichi Nakajiml, ToruMatsuzawal, Naoki
Uchidal, Akira Hasegawal, Yoshiaki Tamura2 and Gen Aoki3
1Research Center for Prediction of Earthquakes and Volcanic Eruptions, Graduate School of Science, Tohoku
University, Aramaki Aza Aoba, Aoba-ku, Sendai, Miyagi980-8578, Japan
2NationalAstronomical Observatory of Japan, Hoshigaoka 2- 1 2, Mizusawa, -牝ate 023-086 1 , Japan
3sendaiDistrict Metebrological Observatory, Gorin 1 -3- 1 5, Miyagino-ku, Sendai, Miyagi983-0842, Japan
Hypocenters of main shocks and a允ershocks of the 1933 M7.1, 1936 M7･4, 1937 M7･l and 1978
M7.4 Miyagi-oki earthquakes are relocated by using S-P times reported in the Seismological Bulletin of the
Japan MeteorologlCal Agency and those re-read in orlglnal smoked-paper seismograms obseⅣed at
Mizusawa station of NationalAstronomical Observatory of Japan (NAOJ) and at Mukaiyama station of
Tohoku University･ In order to reduce the error caused by inaccuracy of the time and insufficiency of the
number of seismic observation stations, we tried to determine hypocenters by uslng a grid search method
assumlng that those events occurred at the boundary between the subducting Pacific plate and the
ove汀iding plate. Main shock epicenters of these fわur earthquakes are dete-ined close to each other,
meanwhile distributions of their aRershocks seem to disperse on the upper boundary of the Pacific plate.
Their distributions show that aftershock areas of 1933, 1936 and 1 937 events partly overlapwith that of the
1978 event and occupy its eastemmost, central and westemmost portions, respectively. This suggest that
the 1933, 1936 and 1937 events possibly ruptured a part of the source area or the 1978 event, Le･, its
eastem, central and westem portions, respectively.
I. ITItrOduction
An M7.2 inperplate earthquake occurred in the Miyagi-oki reg10n, nOrtheastem Japan, at 1 1:46 on
August 16, 2005. 1n this Miyagi-oki reglOn, large inte叩iate earthquakes with magnitude or -7･5 have
occurred repeatedly at a recurrence intervals of ～37 yrs (The Headquarters for Earthquake Research
Promotion, MEXll Japan, 2001). The previous Miyagi-oki earthquake occu汀ed on June 12, 1978, with
magnitude 7.4. Okada et al. (2005) estimated locations or the main shocks and a触rshocks of the 2005
M7.2 and 1978 M7.4 events using a double difference hypocenter locationsalgorithm (Waldhauser and
Ellsworth, 2001). They revealed that the aRershock area of the 2005 earthquake is partly overlappedwith
the southem/southeastern part of that of the 1978 event･ Coseismic slip area of the 2005 event is also partly
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Overlappedwith that of the 1978 event, suggesting that the 2005 event ruptured a part of the source area of
the 1978 event.
The second previous Miyagi-oki earthquake occurred on November 3, 1936with magnitude 7.4 (The
Headquarters fわr Earthquake Research Promotion, MEXTI Japan, 2001). Yamanaka and Kikuchi (2004)
estimated the coseismic slip area of this event byinvertlng Seismic wave form data observed at two nearby
stations･ lt was adjacently located to the southeast of the source area of the 1978 event. Recently Tanioka
and Hasegawa (2005) estimated a seismic moment of the 1936 event as to be 0.68xl020 Nm (Mw7.2)斤om
tsunamiwaveform inversions･ Moreover, two M7･I earthquakes occurred on June 19, 1933 and July 27,
1937 in adjacent regIOnS Ofthe 1936 event.
Recent research on interplate earthquakes east off northeastern Japan suggest the existence of
asperities on the plate boundary in this region (Nagaiet a1., 2001; Okada et a1., 2003; Yamanaka and
Kikuchi, 2003, 2004; Matsuzawa et al･, 2004; Hasegawa et a1., 2005). Asperities are distributed in patches
surrounded by stable sliding areas and aseismic slip in the surrounding stable sliding areas results in the
accumulation of stress at the asperities.Asperities cause large slip upon failure, leading to earthquakes
when the accumulated stress reaches the strength limit of the asperity, Consequently, relative locations or
the coseismic slip areas of these I930S'earthquakes and that of the 1978 earthquake offer the key to
understanding of the mechanism of occurrence of interplate earthquakes and to predicting the location and
the size of the next Miyagi-oki earthquake･ However, precise estimation of the coseismic slip areas for
these 1930S'events is not easy because of the lack of suirICient wave form data･ Instead, We investlgated the
distribution of aftershocks or the I 930S'earthquakes and compared with those orthe 1978'S, assumlng that
the aRershock area nearly correspondswith the source area of the main shock.
2.Data
Arrival times of P- and S-waves for previous earthquakes are available in the SeismologlCal BuHetin
of the Japan Meteorological Agency (JMA). We tried to estimate hypocenters of the previous Miyagi-oki
earthquakes斤om these P- and S-wave a汀ival times. There is some questions as to accuracy of the time of
the previous arrival time data because of the seismologlCal observation system at that time. Consequently,
S-P time data alone are used fわr locatlng hypocenters in this study. Locations or observation stations of
JMA, whose S-P times are used in locating hypocenters, are shown by open squares in Fig. 1.
S-P times at Mukaiyama station, Tohoku University and those at Mizusawa station, NAOJ are
re-picked on the orlglnal smoked-paper seismograms in this study. Locations of Mukaiyama and Mizusawa
stations are also shown by solid squares in Fig.1. Relation between P-0 times and S-P times, i.e., Wadati's
diagram, at Mizusawa station from aftershocks of the 1930S'Miyagi-oki earthquakes are shown in Fig.2.
The Wadati's diagram at Mizusawa based on arrivaltimes listed in the Bulletin of SeismologlCa)
Observations at Mizusawa (The International Latitude ObseⅣatory of Mizusawa, 1984) is shown in Fig.2
(a)･ On the other hand, the Wadati's diagram based on the arrival times re-picked in the present study is also
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shown in Fig･2 (b)･ Less scattered distribution ofa汀ival times are clearly shown in Fig･2 (b); consequently,
we adopted those S-P times at Mizusawa station instead of those listed in the SeismologlCal Bulletin of the
JMA for locating hypocenters･ Addition of S-P time data at Mukaiyama station re-picked in the present
study is also contributed to hypocenter locations.
Assumlng that those previous Miyagi-oki earthquakes took place on the plate boundary, focal depths
of them and their aRershocks are fixed to be on the surface of the Pacific plate there･ Location of the plate
boun血γ is deduced斤om a触rshock distribution dete-ined by OBS obseⅣation conducted just a触r the
occurrence of the 2005 Miyagi-oki ea仙quake (Hino et al･, 2005)･ In order to avoid errors caused by
insu用ciency or the number of seismic obseⅣation stations, we tried to dete-in° hypocenters based on a
grid search method by uslng S-P time data･ Grid intervals are 2 km both in horizontal and vertical
directions･ Theoretical S-P times are calculated based on the velocity model adopted in the routine
procedure of the Tohoku University seismic network (Hasegawa et a1., 1978).
3. Epicenter distribution of the main shocks and aftershocks
Epicenters of the main shocks and aftershocks are estimated from the grid search method based on
SIP times･ assuming those eventsare the interplate earthquakes･ Number of valid S-P time data generally
varieswith the magnitude of events･ We estimated epicenters of the a鮎rshocks from at least four of S-P
time data.
Obtained epicenters of the main shocks and altershocks of the three 1930S'events and the 1978 event
are shown in Fig･3･ Star shows the eplCenter Ofthe main shock･ Squares, open circles, diamonds and solid
circ)es denote the epICenterS Of aftershocks of the 1933, 1936, 1937 and 1978 events, respectively･ Open
triangles show the epICenterS Of aRershocks listed in the SeismologlCal Bulletin of the JMA. Since
detectability ofJMA network in 1930S'was very low, aftershocks that occurredwithin one month aRer the
main shock occurrence are shown in Figs.3 (a),(b) and (C). In the case of the 1978 event, aftershocks that
occurred within 3 days are shown in Fig･3 (d)･Assuming that those M～7 earthquakes are interplate
earthquakes, focal depths of the 1937 earthquakes should be more deeper than those of the 1936 and 1933
earthquakes･ Tt is very consistentwith no/very small tsunamicaused by the 1937 earthquake and clear
tsunamicaused by the 1936 earthquake (Tanioka and Hasegawa, 2005).
ARershock distribution of the 1930S'and 1978日iyagi-oki earthquakes are revealed from the grid
search method based on S-P time data･ Figure 4 shows main shock and a触rshock distribution orthe fわur
M～7 Miyagil0ki earthquakes･ Aftershock areas of these M～7 earthquakes are estimated from their
aftershock distributions and are encircled by e日ipses in Fig･4･ The estimated aftershock areas of the three
1930S'events are partly overlappedwith the eastern, Southern and westem part of that of the 1978 event,
respectively･ The combined aftershock area of the three 1930S, earthquakes is in close agreementwith that
orthe I 978 earthquake.
The moment magnitude of the 1 936 event estimated from tsunamiwaveform inversion (lbnioka and
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Hasegawa, 2005) is Mw7.2, which is significantly smaller than MJMA7.4 listed in the Seismological Bulletin
of the JMA. lt is one of the possible inte叩retations of the present obseⅣation that the 1978 M7.4
earthquake involved the simultaneous rupture of at )east three major asperities which are adjacent to one
another, meanwhile the 1933, 1936 and 1937 earthquakes are caused by a rupture of each asperity in the
Miyagi-oki reglOn.
Okada et al. (2005) relocated the mainshocks and aftershocks of the 1978 M7.4 and 2005 M7.2
Miyagi-oki earthquakes by the double-difference hyp∝enter location algorithm and revealed that the 2005
event took place in the southern/southeastern part of the source area of the 1978 event. The moment
magnitude of the 1936 event estimated from tsunami data is Mw7.2, which is almost the same as that of the
2005 M7.2 event. Comparison of the location orthe source area and the叩agnitude orthe 1936 event with
those of the 2005 event suggests the possibility that the 2005 event may be caused by reィupturing of the
asperity that caused the 1936 event in the past.
From these results, it may de said that there are severalasperities offshore of Miyagi Prefecture, and
that those asperities rupture simultaneously at one time: sometime: e.g. at the occurrence of the 1978
Miyagi-oki earthquake, and rupture severally at other times: e.g. during the sequence of the 1930S'
earthquakes. 1n the case orthe 2005 earthquake, only a souther〟Southeastem asperity might have ruptured
on August 16 2005. There is room for further investigation about the amounts of coseismic sHp
distributions of the 1930S'M～7 earthquakes. lf we knew precise locations of asperities that caused the
1930S'and 1978 earthquakes, we would be a step closer to further understanding of the mechanism of
inte叩late earthq uakes.
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Fig.I. Map showing obseⅣation
stations used in the present study.
Stations of Japan MeteorologlCal
Agency (JMA) are shown by
open squares. Solid squares
denote Mukaiyama station,
Tbhoku University and Mizusawa
station, National Astronomical
0bseⅣatory,　whose original
smoked-paper seismograms are
re-read in this study. Star denotes
tbe eplCenter Ofthe 1978 event.
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Fig.2. Wadati's diagrams at Mizusawa station for aftershocks of the 1933, 1936 and 1937
Miyagi10ki earthquakes. Squares, circles and diamonds denote arrival time data of
a氏ershocks of the 1933, 1936 and 1937 earthquakes, respectively. (a) P-0 times plotted
against S-P times using those listed in the bulletin of Mizusawa station. (b) p-0 times
plotted against S-P times uslng those re-picked on the original smoked･paper
seismograms in this study.
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Fig.3. Epicenter distribution of main shock and a触rshocks. Stars denote locations of the main shocks
estimated from SIP times in this study. Triangles show locations of aRershocks estimated by JMA. (a)
Distribution of aRershocks of the 1933 earthquakewithin one month (squares). (b) Distribution of
aftershocks of the 1 936 earthquake within one month (open circles). (C) Distribution of aftershocks of
the 1937 earthquake within one month (diamonds). (d) Distribution of aftershocks of the 1978
ea仙quake within three days (solid circles).
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Fig･4･ Epicenter distribution of mainshocks and aftershocks of the previous M～7 Miyagi-oki earthquakes.
Solid squares, solid circles, Solid diamonds and gray circles denote epICenterS Of aftershocks of the
1933, 1936, 1937　and 1978　earthquakes, respectively. Estimated attershock areas of these
earthquakes are roughly encircled by ellipses. The combined a氏ershock area of the three 1930S'
earthquakes is in close agreement with that of the 1978 earthquake.
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Abstract
The hypocenter distribution of the 2005 0ffMiyagiPrefecture Earthquake and its a氏ershocks is
estimated by uslng five ocean bottom and six onshore seismic stations data around the rupture area of the
earthquake. The epicenter of the mainshock is relocated at (38･17oN, 142･18oE) and the focal depth is
estimated to be 3715 km･ The aftershocks surrounding the mainshock hypocenter forming a Several clusters
concentrate along a distinct landward dipping plane corresponding to the plate boundary lmaged by the
previous seismic experiment･ The strike and dip angles of the plane agree well to those of the fわcal
mechanism solution of the mainshock･ The size of the plane is about 20 X 25 km2, in strike and dip
directions, similar to that of the large coseismic slip area･ The up dip end of the planar distribution of the
aftershocks corresponds to the bending point of the subducting oceanic plate, suggesting that the geometry
of the plate boundary affects the spatial extent of the asperity of the 2005 earthquake･
I. Introduction
The landward slope area orthe Japan Trench subduction zone is characterized by active inte叩late
seismicity and large earthquakes with magnitudes more than seven have occurred repeatedly･ Yamanaka
and Kikuchi (2004) have shown that these large interplate earthquakes are repeatingruptures of asperities,
areas of large coseismic slip but locked during interseismic periodalOng the surface of the subducting
Pacific plate･ Tn the middle part of the subduction zone, the M 7･5 class earthquakes offMiyagl Prefecture
are known to occur with a recurrence inteⅣal of about 40 years. The most recent event of this earthquake
sequence occu汀ed in 1978, 27 years ago斤om now, and the Japanese government announced that the
probability of the occurrence of such a M 7.5 class earthquakewithin next ten years is about 50 % (HERP,
2003). On August 16 2005, an earthquake of M7.2 Occurred offMiyagiprefecture･ The focal mechanism
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Solution of the earthquake was ofa thrust fault type (e.g. FINet, NIED, 2005) indicating that this event was
an interplate earthquake, but its seismic moment was 5･4 x 1019 Nm (e･g･ F-Net, N-ED, 2005), significantly
smaller than that of the earthquake forecasted to occur. Okada et al. (2005) proposed that the 2005
earthquake was a re-rupturing or the one or the asperities of the preceding 1978 earthquake. lf this is the
case, the rupture area orthe 2005 is an asperity that ruptures repeatedly in the consecutive earthquakes and
it is very Important tO reveal its exact location to understand the natures of asperities.In order to clarify the
spatial and temporaldistribution of the seismicity around offMiyagl Prefecture area, We have made a series
of ocean bottom seismographic obseⅣations since 2002 by repeating deployment and retrieval or pop-up
type ocean bottom seismographs (OBSs). At the occurrence of this earthquake, 1 5 0BSs were in operation.
After the occurrence of the M 7.2 earthquake, we decided to retrieve five OBSs deployed around the
epICとnter to know the precise hypocenter locations of the mainshock and subsequent aftershocks as soon as
possible･ This paper describes preliminary results of the hypocenter determination usingthe five OBSs data,
which were retrieved 12 days after the mainshock occurrence, to show the location and geometry of the
fault ruptured by the 2005 earthquake. Since some of the OBSs observlng the 2005 earthquake are in
operation until May 2006, wewill present final results uslngall the OBS data aRer that.
2･ Data and Analyses
The OBSs used in this study are of a free-fall/pop-up type developed by Kanazawa and Shiobara
(1994), equipped with a three component geophone･ The seismic wavefb- data are continuously recorded
onto hard disk drives after A/D conversion (20bit/128Hz) The timing accuracy is keptwithin 0.05 see by
using a high precision quartz oscillator calibrated to a GPS clock before and after the observation. The
OBSs were deployed in July 2005 by RノV Ko凡トmaru and were retrieved by RノV Yokosuka in end or
August, 12 days aRer the occurrence of the 2005 0ffMiyagi Prefecture Earthquake, providing continuous
wavefbrm records什om July 13 to August 28･ The locations of the OBS stations are shown in Fig. 1 and
Table. 1, and they were obtained by acoustic triangulation measurements.
1n this study, we relocate the hypocenters of the mainshock occurred at ll:46 on Åug. 16 and of
aftershocks taking places until August 24. the occurrence of another large (M 6.3) earthquake near the
Japan Trench. Since the epicenter of this earthquake is too far (38.44oN, 143.09oE, according to the Japan
Meteorological Agency catalogue) from the OBS network to locate precisely even using our OBS data, we
did not relocate hypocenters of this M 6･3 earthquake and its a角ershocks in this study. We picked the P and
S waves arrival times of the target events from the OBS records and also from records of six onshore
stations (Fig･ 1 and Table. 1 ) nearby the aftershock region. operated by Tohoku University and JMA.
Using the picked arrival time data, hypocenters were calculated assumlng 1-D seismic veloctty
structure models shown in Fig1 21 Firstly, absolute arrival time data were inverted for hypocenter locations,
and then we applied the double-difference (DD) method (Waldhouser and Ellsworth, 2000) to the
caclulated hypocenters for obtaining the fhal hypocenter distribution. We referred to the Vp structure
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model estimated by the marine seismic exploration conducted in this area (]to et a1., 2005) and a Vp/Vs
ratio oH.73 is assumed.
For the a汀ival time data at the OBS stations, we applied co汀eCtions to account fわr the travel time
delays due to the sedimentary layerwith very low Vp and Vs cover]ng the ocean floor･ The delay times for
P and S waves can be estimated from the Vp, Vs and the thickness of the layer. The Vp and Vs are assumed
to be constant and 2･O and O･57 km/S, respectively, and variation of the sediment thickness is estimated
from the arrivaI time difference between the P wave and the S waves converted from the P wave at the
basement of the sedimentary layer (e.g., Hino et a1., 2000), for each of the OBS stations. Observed PSIP
times for five OBS stations are tabulated in Table. 1.
The hypocenter coordinates calculated from the arrival time data thus corrected assumlng the 1 -D
velocity structure were used as the initial locations of the hypocenters in the DD location analysis･ Double
differences of the travel times are measured for the event palrSwith separations of less than 1 5 km. We did
not apply any cross correlating measurements to get the travel time differences･ They were obtained from
the a汀ival time data picked by operators･ Both P and S waves data were used in the DD hypocenter
relocation.
3. Reslllts
ln Fig･ 1, the eplCenterS determined by the ordinary hypocenter locations uslng absolute travel
times are shown･ Hypocenters with rms travel time residuals of less than O･3 s are plotted･ The relocated
eplCenterS Show more compact distribution than those舟om the JMA catalogue･ Although no systematic
differences are recognized between the relocated and the catalogued aftershock distribution, the eplCenter
of the mainshock is relocated at (38･17oN, 142･18oE), about 8 km west of the epicenter reported by JMA.
Although the catalogued mainshock epicenter is located at the eastern edge of the aRershock distribution,
the relocated one is in themiddle of one of the aftershock clusters.
The fわcal depth distributions according to the JMA catalogue and relocated by uslng the OBS data
are shown in Figs･ 3a and 3b, respectively･ lt is evident that the resolution of focal depths is considerably
improved by uslng the OBS data･ Most of the relocated hypocenters are concentrated along a landward
dipping plane corresponding to the fault plane of the mainshock, the plate boundary･ The hypocenter of the
mainshock by JMA is dete-ined below the landward dipping a触rshock plane (Fig. 3a) and remains
below the a允ershock distribution even the OBS data are included (Fig. 3b). But the focal depth of the
mainshock is determined almost the same as the surrounding aRershocks when we use only P wave arrival
time data (Fig･ 3C), indicating that the S arrivaltime data account for the deeper hypocenter of the
mainshock.
Fig. 3d show travel time residuals of P and S waves for the mainshock and the aftershocks whose
locations arewithin 2 km distance from the mainshock･ The residuals are calculated using the hypocenter
locations detemined by the P wave a汀ival time data only･ The S residuals are 一ess than 0.5 s fわr most orthe
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aftershocks even the hypocenters are determined without S wave data, indicating the Vp/Vs ratio assumed
for our hypocenter determination is reasonable･ Notwithstanding this, the residuals for the mainshock
exceed 1 s at many seismic stations and amount to more than 2 s fわr several stations. For this reason, We
excluded the S arrival times of the mainshock from our data set.
Figure 4 is the hypocenter distribution of the mainshock and aRershocks of the 2005 0ffMiyagl
Prefecture Earthquake･ Gray dots are the results of the ordinary hypocenter determination･ Using these
hypocenters as the initiaHocations, We applied the DD location method to obtain black dots in the figure･
The hypocenter location orthe mainshock did not move substantially by the DD relocation analysis･ The
focal depth of the mainshock is estimated to be 37.5 km.
The epICenterS Ofthe mainshock and a number of the aftershocks form an -L■ letter shaped clusters
(we 6a)1 this Hmain cl'uster･･ hereafter)･ Two arms of the -L- are orthogonal to each other and have almost the
same length, about 15 km･ The mainshock is included in the WNW-ESE trending am･ The hypocenters
belonglng tO the main cluster and its surrounding area, with about 20 and 25 km spans in strike and dip
direction, Concentrate well to a landward dipping plane･ The plane has a strike of 1970 and a dip or 240,
and its depth ranges from 30 to 45 km. It is interestlng that the directions of the two arms almost
coincide with the strike and dip direction orthe landward dipping plane･
The aRershocks activity outside the p)anar structure zone is quite sparse and few evident clusters
can be seen and it is difficult to image the overall shape of the a鮎rshock distribution due to the sparsenessI
The hypocenters in the western part seem to be along the extension or the plane of the main cluster
aftershocks down to about 50 km depth although focal depth distribution is more di仇lSed than in the main
cluster･ To the east of the main cluster, there are two active clusters･ The hypocenters in these clusters are
more scattered in fわcal depths and do not seem to fbm a plane structure.
4. Discussion
The L-shaped main cluster and its surrounding aRershocks show distinct planar structure and the
dip and strike orthis plane coincide well to the fわcal mechanism solutions･ For example, the dip and strike
of the F-net solution are 22o and 1970, respectively. tn Fig. 4, the coseismic slip of the 2005 0ffMiyagl
Prefecture Earthquake determined by te]eseismic wave form data (Yaginuma et a1., 2005) and spatial extent
of the rupture area is almost the same as the size of the plane shaped aftershock distribution. These
correspondences suggest that the aftershock distribution obtained by this study renects exact )ocation of the
asperlty Of the 2005 earthquake.
The planar structure of the aRershocks is terminated by the NNE-SSW trending arm of the
L-shaped main cluster and the hypocenters east of the cluster show diffused focal depth distribution. This
suggests that the NNE-SSW am marks the up-dip limit of the rupture area or the mainshock and the
aftershocks in the eastem part may occur off the plane of the mainshock rupture, possibly within the
subducting oceanic crust･ ln Fig･ 4, the rupture area estimated by the teleseismic data extends more to the
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east than the location or the NNE-SSW trending a- and this seems to contradict to our inte叩retation･
However the coseismic slip distribution may be shifted eastward compared to our a鮎rshock distribution
because Yaginuma et al 【2005] assumed that that the mpture was started at the hypocenter location by JMA,
about 8 km east of the relocated hypocenter･ Tf they took the relocated hypocenter as the point of the
rupture initiation, the eastward limit of the coseismic rupture should be coincide with the location of the
NNS-SSW lineation of the aftershocks Tt is often reported that the aftershock activity tends to be inactive in
the asperity region, where the amount ofcoseismic slip is large (e.g. Scholz, 2002, Hino et a1., 2000). ln the
2005 earthquake case, the aftershocks around the mainshock epicenter concentrate into small clusters and
several areas of low seismicity can be the locations of the asperities mptured by the mainshock･ For
example, the northeast-southwest trending arm of the L-shaped aftershock.distribution seems to split the
asperity imaged by thi teleseismic study (Yaginuma et a1., 2005) into the northern and southern portions,
each of which corresponds to the aseismic zone surrounded by the aftershock clusters1
0kada et al･ (2005) reanalyzed land seismic network data to compare the aRershock distribution of
the 2005 earthquake with that of the 1978 and also with the background seismlC)ty Pattern and pointed out
that the positions of active seismicity show little temporal variations･ This implies the seismic coupling lS
controlled by persistent nature, such as structural heterogeneities along or in the vicinity of the plate
boundary･ In other words, the aRershock distribution ref)ects the spatial variation of the interplate coupHng･
The plane formed by the main cluster events almost coincideswith the plate boundary determined
by the seismic exploration. Although the aftershock plane is slightly deeper than that of the plate boundary
imaged by the seismic renection slgnals, the dip angle is in good agreement･ The focal depths determined
here are heavily dependent on the S-P times at the OBS stations･ Average or the fわcal depths changes
according with the Vp/Vs values used fわr the estimation of station comCtions and the travel time
calculations, almost keeplng the shape of the hypocenter distribution･ However, we have no reliable
information relevant to the Vs of the crust and the sedimentary layer in the offshore reglOn Of the
northeastem Japan, and it is difficult to discuss whether the depth difference between the aftershock plane
and the plate boundary lS Substantial.
lto et al･ (2005) Pointed out that there are two bending points where the dip angle of the plate
boundary changes suddenly and that the eastem edges orthe rupture areas orthe 1978 and 1981 Off MiyagI
Earthquakes comSPOnd to these bending points･ The eastem limit of the planar a触rshock distribution,
which we inte叩ret aS the eastem 一imit of the rupture area of the 2005 earthquake, corresponds to the
location of the bending point of the plate boundary as that of the 1 978 does.Asreviewed by Scholtz (2002),
irregularities of fault geometry･ such as bends,will be impediments to rupture propagation･ The rupture
propagation of the 2005 earthquake may be terminated by the bending of the fault plane located about 10
km up-dip of the hypocenter･ King and Navelek (1985) explain that the termination of the rupture
propagation is caused by the reduction of the stress at the tip of a growing fault by the deformation spread
over a broad zone around the bending point. It is interesting that the aftershock plane is a little thicker at the
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up-dip end (pointed by an a汀OW in Fig. 4b) than the deeper part. The intraplate seismicity can be activated
along the northeast-southwest trending a… of the L-shaped cluster as the result of the rupture temination
prOCeSS･
5. Conclusions
We relocate the hypocenters of the mainshock and aftershocks of the OffMiyagiPrefecture
Eathquake, M 7.2 Occurred on August 16, 2005 by uslng the data obtained by five ocean bottom
seismographs and six onshore seismic stations.
By uslng the OBSs data, spatial resolution or the hypocenter distribution was improved
considerably. The hypocenter of the mainshock is relocated at (38.17oN, 142.18oE) and the focaldepth is
estimated to be 37.5 km, about 8 km landward and 5 km upward of the JMA published hypocenter. The
results ofa hypocenter determination uslng absolute arrival times of P and S waves assumlng aトD seismic
structure model show that the mainshock hypocenter seems to be mislocated irthe S wave a汀ival time data
are included in the inversion.
Using the hypocenters determined by the conventional calcu)ation as initiaHocations, We employ
the DD location method to obtain the aftershock distribution as detailed as possible. Most of the aftershocks
concentrate around the mainshock hypocenter and fbm several cluster. The most active cluster contains the
mainshock hypocenter and has an L letter shape. These aflershock clusters form a distinct landward dipping
plane with 15 and 25 km spans in strike and dip directions, respectively. The strike and dip of the plane are
197o and 240, almost the same as those of the fわcal mechanism solution or the mainshock. The
spatial extent or the plane of concentratlng a氏ershocks may indicate the location of the rupture
area of the mainshock. The aftershocks on the periphery of the rupture area show more diffused
distribution partly due to the off plane aftershock activity.
The location of the plane of aftershock distribution corresponds to the plate boundary
imaged by the previouswide-angle seismic renection experiment. The imaged plate boundary
changes its dip at about 30km depth and the location orthis change seems to agree to the eastward
limit of the in-plane aftershock actlVlty. This correlation suggests that the shape of the plate
boundary controls the spatial extent of the asperlty Orthe 2005 earthquake.
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Table l･ Locations or seismic stations PS-P times used f♭r travel time delay due to the
sedimentary layer.
station latitude longitude altitude (m)　PS-P time (S)
380 20.853■　　　　　1420 06.941'　　　　-519
370 58.967-　　　　　1420 05.045-　　　　　-537
380 10.952.　　　　1420 18.9507　　　　1971
380 29.276.　　　　1420 29.969'　　　　-1 104
370 56.9631　　　　1420 28.889■　　　　-1068
380 16.578-　　　　　1410 34.956日　　　　　-435
380 23.874'　　　　1410 35.856.　　　　-265
380 45.486'　　　　1410 13.3081　　　　　　26
380 58.590.　　　　1410 31.806.　　　　　280
390 08.406■　　　　　1410 45.816■　　　　　105
380 27.438-　　　　　1410 20.718-　　　　　　40
I.4
I.9
2.5
2.5
I.9
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Fig･ 1 Epicenter distribution of the mainshock and a触rshocks of the 2005 0ffMiyagi Prefecture
Earthquake･ Epicenters orthe a鮎rshocks occurred until August 24 are plotted･ Gray stars
are the eplCenterS Of the mainshock and an M 6･3 earthquake occurred on Aug･ 24
detemined by Japan Meteorological Agency (JMA). Black star is the mainshock
eplCenter located by the conventional hypocenter detemination of this study･ Dots are
aftershock epicenters (gray: JMA, black: this study). Crosses are the locations of the
seismic stations, flVe Offshore and six onshore･ Focalmechanism solution by F･net NIED
(2005) is also shown･ Focal depth distribution of the hypocenters in the rectangle is shown
in Fig. 3. Contours are isobaths in meter.
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Fig. 2　Vp structure models fわr the conventional hypocenter determination uslng absolute travel
time data (solid line) and fわr the double-difference location method (dashed line). In both
ofthe hypocenter determinations, Vp/Vs is assumed to be I ･73･
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Fig. 3　Focal depth distribution of the mainshock and aftershocks of the 2005 earthquake (a-C)
and a diagram showing relation between travel time residuals f♭r P and S waves (d). a)
Focal depth distribution detemined by JMA. Star and dots are fわr mainshock and
a氏ershocks. b) Focal depth distribution detemined by this study. Both P and S wave
a汀ival times are used. C) Focal depth distribution using only P wave arrival time data. d)
Relation between travel time residuals f♭r P and S wave at each or the onshore seismic
stations. Solid symbols are f♭r the mainshock and open symbols are f♭r aftershocks whose
epICenterS are locatedwithin2 km fTrom the mainshock.
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Fig. 4　Relocated hypocenter distribution of the mainshock and aftershocks of the 2005 Off
Miyagi Earthquake. Gray and black dots are determined by the conventional inversion and
the DD location method, respectively. White star is the location or the mainshock
hypocenter. a) Epicenter distribution. Open circles are the locations or seismic stations.
Black star indicates the epICenter Ofthe mainshock according to the JMA catalogue. Thick
contours show coseismic slip distribution by Yaginuma et al. (2005) with an interval of
O.3 m. b) Focal depth distribution orthe earthquakes in the rectangle shown in a). Solid
circles are locations of the seismic stations projected onto the cross section. Dashed lines
are major layer boundaries estimated by the seismic experiment (Ito et a1., 2005). AM:
Arc's Moho. PB: Plate Boundary, OM: Oceanic crust-s Moho. An arrow polntS the
position orthe northeast-southwest trending arm of the L-shape cluster.
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2005年8月16日に発生した宮城県沖の地震の余震観測
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要旨
2005年に発生した宮城県沖の地震の本震･余震を海底地震計により観測し,そのデータを用い
て震源分布を求めた･余震分布の特徴は, Hinoetal.(2006,本報告)で指摘されているものと一致
しており,時間の経過に伴って余震域が拡大するなどの顕著な変化は見られない.多点海底地震
観測により得られたP波初動の押し引きデータを用いて,余震のメカニズム解を求めたところ,
本震と同様な低角逆断層型をもつもののほか,それより高角な節面をもつ逆断層型のメカニズム
解をもつ余震群が,本寮の破壊域の東縁部に集中して発生していることが分かった.これは本裏
の破壊に起因する上盤側プレート内の応力変化によるものである可能性がある.
1.はじめに
2005年8月16日11:46に宮城県沖で発生したM7.2の地震は,政府地震調査委員会によって近
い将来高い確率で地震が発生すると評価されていた領域内において発生したものであり,今回の
地震と発生が予測されていた地震との関係が注目された.今回の地震が1974年の地震の再来であ
るかどうかを判断する上で,それぞれの破壊域の大きさと位置の関係を正確に評価することは重
要である･一方で,宮城県沖地震としては, 1974年の地震と同程度の規模でとどまる｢単独型｣
の地震とともに, 1981年宮城県沖地震(M7.2)の破壊域が位置するような,より海溝側のアスペ
リティとの｢連動型｣の地震の発生が想定されており,今回の地震の破壊域あるいは余効すべり
域の海溝側-の拡がりを正しく知ることもまた,宮城県沖地震の繰り返し系列の中での2005年の
地震の位置づけを評価する上で非常に重要である.
2005年の地震の破壊域の位置とその広がりを正確に知るためには,震源域近傍における余震活
動が必要不可欠であり,本研究においては海底地震計を震源域に展開することにより余震観測を
実施した･宮城県沖地震の発生が予測されていた海域においては,すでに気象庁･東京大学･東
北大学の共同研究により海底地震繰り返し観測が2002年より着手されており, 2005年8月16日
の地震はこうした観測網の直下で発生した.そこで,今回の余震観測では,既存の観測点とあわ
せることにより観測点密度を向上させ,可能な限り多くの余震について震源メカニズム解を求め
ることを指向した･得られた震源メカニズム解の情報を正確な震源分布とあわせることにより,
本寮のすべり面上と面外の地震を区別することが可能となるものと期待されるが,こうした面内
66
外の余震の空間分布は,本震の破壊域の拡がりや本廉の発生が周囲の応力場に及ぼす影響を理解
し, 2005年の地震の宮城県沖における地震テクトニクス的な意義を考える上で重要であると考え
たからである.
2.観測概要
表1に観測点配置を示す.震源域の周辺では,地震発生当時すでに19観測点においてOBSが
稼働しており,本震とその発生直後の余震が観測されている.そこで,本研究では,これらにさ
らにIl点を加えることによって,観測点密度を向上させた.また,本寅の正確な震源をいち早く
知るために,すでに観測中であった19観測点のうち,本震の震央に近い5点(sol, SO2, SO∃,
SO4, SO5)でOBSの回収･再設置を行った.これら5地点のOBS･のデータを用いた解析結果は
Hin6etal.(2006,水報告)で報告されている.地震の発生直後,本裏の震央の近傍における余震活
動が非常に活発であったため,この領域-のOBSの設置を先行して行った.設置は大型-リコブ
タ- (朝日航洋AS332型)により8月20日(8月19日を予定していたが濃霧による視界不良の
ため延期となった)に行われ,震央近傍のEO5, EO6, EO6, EO9, EIOの5点で8月20日の12:00
から観測を開始した.また本震前から観測していた5観測点のOBSの回収とその地点-の再設置
および1 1観測点の新設は,海洋研究開発機構･支援母船｢よこすか｣により8月27日～31日
の期間(当初8月22日～28日の予定であったが,台風通過の影響で延期となった)に実施した.
この航海で設置したOBS (合計16台)はいずれも設置直後から観測を開始している. OBSの回
収は,海洋研究開発機構･学術研究船｢白鳳丸｣,函館海洋気象台･観測船｢高風丸｣, ㈱オフシ
ョア･オペレーション･作業船｢第五海工丸｣により行った.
3.データ処理･解析
この観測に使用したoBSは,いずれも3成分速度型地震計の出力波形をハードディスクドライ
ブに連続記録するもので,内蔵の高精度水晶時計により記録の刻時管理が行われている.内蔵時
計と日本標準時刻との時刻差を, OBSの設置直前と回収直後に測定し,観測期間中の時刻ずれの
変化レートが一定であると仮定して,波形記録に対する時刻補正を行った.時刻補正後の連続記
録は1分長に切り分けられ,全観測点のデータを1ファイル(winフォーマット)に統合されて,
整理保存され,この波形ファイルを用いて,震源決定のための地震波到達時刻の検測作業を行っ
た.
検測の対象としたのは,気象庁一元化カタログに掲載された地震のうちoBSの観測期間中に栄
生した地震である.検測はwinシステムを利用し,はじめに全観測点に対して, P波初動到達時
刻を,初動の極性とともに読みとった.次に,各観測点の水平動の記録から, OBS直下の堆積基
盤においてP波からS波に変換してOBSに到達するPS変換波とP波との到達時間差(ps-p時間)
を計測した. PS-P時間は海底下表層の低地震波速度の堆積層による走時おくれを補正するための
観測点補正値を求めるために用いた. PS-P時間の計測は, 1観測点の水平動成分の記録をp波到
達時刻揃えて複数の地震について並べて表示することにより行った.このようにして観測点補正
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値を求めた後にS波の到達時刻の検洲を再びwinシステムを用いて行った.観測点補正値なしで
は, S波の到達時刻の観測点ごとのバラツキが非常に大きくなるため,このような手順で検測作
業を行っている.本報告執筆時点では, S波の検測作業が進行中である.
震源決定は, Hino et al.(2006,本報告書)にあるのと同様な手順で行った.すなわち,まず絶対
走時を用いた通常の震源決定法を行い,その結果を初期震源分布としてダブル･ディフアレンス
法(waldhauserand Ellsworth, 2000)による震源決定を行った.初期震源の決定では, 1次元の速
度構造を仮定した(使用した構造は, Hinoetal.(2006)のFig.2を参照).現段階では, S波の検測
が完了していないため, P波の到達時刻のみを用いて解析を行った.このように震源決定ができ
た地震のうち,初動極性が十分な数の観測点で読みとることができた地震に関しては,震源メカ
ニズム解を求めた.メカニズム解はP ･ T軸の方向を回転させながら,極性データの不一致の数
が最小となるものをグリッドサーチにより求めた.現時点では,定量的な誤差の評価ができてい
ないが, p ･ T軸の方向が十分にconstrainされているものを目視で選び,震源位置ごとのメカニ
ズム解の違いを調べた.
4.予察的な解析結果
図1にP波到達時刻データだけを用いて求められた余震分布を示す.余震分布の特徴は,本震
発生直後に回収した5点のOBSの解析結果(Hinoeta1.,2006)と顕著な相違はみられず,余震域
の拡大は起こっていないものと思われる.図2には本嚢の震央付近における余震分布を示したも
のである.こうした地震のうち, p波初動の押し引きからメカニズム解を決定することのできた
地震の震源を星印で示した.メカニズム解を決定することができた余震の多くは,本裏と同様な
低角逆断層型のメカニズム解をもつが,それより高角の節面をもった逆断層型のものも存在する
ことが分かった.これら2種類のメカニズム解をそれぞれ, ｢本震型｣と｢高角逆断層型｣と呼ぶ
ことにして,どのように空間分布しているかに注目すると, ｢本震型｣は本震震源付近に集中し,
余震の震源深さをみるとプレート境界面に対応すると思われる面に沿った非常に薄い分布を示し
ている.こうした余震は,本震の破壊面の面内あるいはその延長上で発生しているものと考える
ことができる.一方, ｢高角逆断層型｣は余震域の比較的外側に多く分布する.注目されるのは,
本震の震源よりも北東側にある北東一南西の方向に線状分布する余震群に｢高角逆断層型｣が多
く含まれることである.この線状分布する余震群は, Ⅶginuma et al.(2006)が地震波形記録から推
定した本震のすべり域の東縁とほぼ一致し, Hino etal. (2006)はこの活動が破壊域先端の周辺にお
ける応力集中により活発化している可能性を指摘している.
5.まとめ･今後の課題
海底地震観測のデータを用い, 2005年宮城県沖の地震の本震および余震の震源決定を行った.
多くの余震はプレート境界面と考えられる本寮の破壊面の面内あるいはその延長で発生している
が,震源位置およびメカニズム解から,面外での余震活動を認めることができた.今後,さらに
検測を進めることにより,できるだけ多くの地震の震源位置およびメカニズム解を精度よく決定
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し,本農の破壊面の周囲で余震活動がどのように分布するかを詳細に明らかにしていきたい.
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表1.海底地震計を設置した観測点の表
観測点名　　緯度(北緯)　　経度(東経)　水深(m)　　　　　観測期間
Sol
Sal
SO2
Sa2
SO3
Sa3
SO4
Sa4
SO5
Sa5
SO6
SOフ
SO8
soヴ
S10
EOI
EO2
EO3
EO4
EO5
EO6
EO7
EO8
EO9
EIO
Ell
E12
E13
E14
∈15
FOI
FO2
FO3
FO4
FO5
LSI
LS2
LS3
LS4
LS5
380 20.853-　　　1420 06.941-
380 20.846■　　　1420 06.947
370 58.967●　　　1420 05.045-
370 58.972■　　　1420 04.921■
380 10.952'　　　1420 18.950-
380 ll.033■　　　1420 18.941■
380 29.276-　　　1420 29.969■
380 30.002-　　　1420 29.938.
370 56.963'　　　1420 28.889.
'370 56.968r　　　1420 29.0131
370 49.950-　　　　1420 10.000■
370 53.985-　　　1420 48.011'
380 7.996■　　　1420 44.952■
380 1 I.960-　　　　143 08.120-
380 29.992■　　　　143 00.21 1-
380 25.818■　　　1420 0.026■
380 13.694■　　　1410 58.985'
370 58.745■　　　1410 55.423●
370 57.9681　　1420 14.355■
380 07.211■　　　1420 08.508■
380 26.652'　　1420 15.106.
380 35.987■　　　1420 08.982■
380 42.163■　　　1420 31.919■
380 19.095■　　　1420 25.355■
380 07.207■　　　1420 32.653■
370 51.002-　　　1420 36.566●
380 19,3391　　1420 40.400■
380 18.611■　　　1420 55.624■
380 30.692-　　　142 44.68871
380 39.158■　　　1430 06.433■
370 35.950-　　　1420 12.023-
370 26.9730　　　1420 15.024'
370 41.986'　　　1420 02.966●
370 30.266■　　　　1420 28.012-
370 39.971-　　　1420 25.972-
380 40.78-　　　　1420 16.85'
380 54.91'　　　1420 30.82.
380 45.78-　　　　1420 49.78■
380 17.871　　　1420 42.lot
370 59.91'　　　1420 25.05'
519　　　　2005/7/13　-　8/28
520　　　　2005/8/28 .- 10/24
537　　　　　2005/7/13　-　8/28
537　　　　2005/8/28 - 10/26
971　　　　2005/7/13　-　8/29
960　　　　未回収
1104　　　　　2005/7/13　-　8/28
1089　　　　2005/8/28　- 10/24
106 　　  2005/7/13　-　8/29
1053
704
1377
1507
2049
1985
356
2 9
329
818
546
724
53
1　6　6　1　2　7　2　18　2　1　0　2　3　4　81　0　2　41　3　4　4　91　1　1　1　1　1　1　1
661
936
552
1135
1071
716
2005/8/29　- 10/25
2005/7/13　～ 10/26
2005/8/28　- 10/24
2005/8/29　- 10/24
2005/8/28　- 10/22
2005/7/13　- 10/21
2005/8/27 .- ll/9
2005/8/28　- ll/9
2005/8/28　～ ll/10
2005/8/20　- 10/14
2005/8/20　- 10/14
2005/8/20　- 10/13
2005/8/28　- ll/9
2005/8/28　- ll/9
2005/8/20　- 10/14
2005/8/20　- 10/14
2005/8/28　- ll/10
2005/8/28　- ll/10
未回収
2005/8/28　- ll/9
2005/8/28　′- ll/9
2005/6/20　′- 10/14
2005/6/20　- 10/14
2005/6/20　- 10/14
2005/6/20　へ′ 10/14
2005/6/20　- 10/14
2005/5/14 - (観測中)
1211　　　2005/5/14 - (観測中)
1410　　　　2005/5/15 - (観測中)
1414　　　　2005/5/15 - (観測中)
1038　　　　2005/5/15 - (観測中)
太字で示した観測点が,本研究の余震観測のために海底地震計を設置した観測点.
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図1. 2005年8月16日宮城県沖の地震
(M7.2)の本震および余震の震源分布.
海底地震計におけるP波走時を用いて再
決定したもの.余震は本震発生直後から
10月30日までのもの(検測作業中なの
で全ての地震が網羅されているわけでは
ない).星印と黒丸印で本震と余震の震源
を示す.十字印は海底地震計の設置点.
図中に示した陸上観測点(5点)のデー
タも震源決定に用いた.コンターは
Yaginuma et'al. (2006)お　よ　び
Yamanaka andKikuchi (2004)による,
2005年(黒線)および1974年(灰色線)
の地震の地震時すべり量分布.
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図2.本裏の震央付近における震源分
布の拡大図.本寮と同様な低角逆断層
型のメカニズム解(例を黒のbeach
ballで示す)をもつ余震の震源を白星,
それより高角な節面をもつメカニズ
ム解(例を灰色のbeachballで示す)
の余震の震源を灰色星で示す.大きな
白星は本震の震源.
Co- and post-seismic slip associatedwith the 2005 Miyagi-oki earthquake
(M7.2) as inferred from GPS data
Satoshi Miura, Satsoshi Yui, Naoki Uchida, Toshiya Sato, Kenji Tachibana and Akira Hasegawa
Research Center for PredL'ctL'On of Earthquakes and Volcanic EruptL'ons,
Graduate School ofScie〝ce, Tohoku UniversL'0,, Sendai 980-85 78, Japan
･Abstract:
ーA large earthquake with M7.2 Occurred on August 16, 2005 along the plate boundary off
Miyagi Prefecture. Co一 and post･sesimic deformations associated with this event were
investigated to reveal the causal interplate slips uslng COntinuous GPS data and geodetic
inversion･ The coseismic slip distribution shows good agreement with that estimated by seismic
wavefbrm inversions･ The major slip area is limited to the southeastern part of the rupture area
of the previous 1978 event･ The postseismic slip extended uni･laterally to the south of the
coseismic slip area･ These distinctive features of both the col and post-seismic slips might be
caused by the existence of the locked plate interface, where seismogenic stress has not released
yet, in the northern and southwestern parts of the 1978 rupture area.
Key words: GPS, asperity; subduction zone; interplate earthquake; slip distribution
I. Introduction
Northeastern Japan, where the Pacific plate is subducting at a rate of about 80 mm/yr
beneath the overriding continental plate, is one of the most active areas in seismicity in the world.
Various studies on major interplate earthquakes around this area have revealed that some of
those events can be regarded as recurrent ruptures 0fasperities, which are defined by distributed
patches showing large coseisimc slips (Nagai et a1., 2001; Matsuzawa et a1., 2002; Okada et a1.,
2003･'Yamanaka andKikuchi, 2003, 2004; Hasegawa et a1., 2005).
Earthquakes with magnitudes of about 7･5 0r larger have repeatedly occurred on the plate
boundary east off Miyagi Prefecture (Miyagi･Oki) With an interval of about 37 years. The most
recent one took place in 1978, i.e., the M7.4 Miyagi-oki earthquake (e.ど., Seno et a1., 1980). Based
on historical records of these recurrent earthquakes, the Headquarters of Earthquake Research
Promotion of Japan (HERP) Stated that the next Miyagi･Oki earthquake will occur with a
probability of about 50 % in the next 10 years (HERP, 2003). In response to this seismic hazard
assessment, Tbhoku University established 13 new continuous GPS stations around the source
77
area of the 1978 event to complement the nationwide GPS network operated by the Geographical
Survey Institute of Japan (GSI), GEONET (e.g." Miyazaki et a1., 1997).
On August 16, 2005, there occurred an interplate earthquake with magnitude　7.2,
hereafter referred to as the 2005 Miyagi･Oki earthquake. Okada et al. (2005) carried outthe
relocation of a氏ershocks of the 1978 and 2005 events to reveal that the a氏ershock area of the
2005 event is overlapped only with the southeastern part of that of the 1978 event. In addition,
they performed the seismic wave form inversion for the 2005 event to estimate the coseismic slip
distribution and found that it also overlapped with the southeastern part of the 1978 rupture
area.
､ The surface displacement data derived by the dense GPS network demonstrate clear
coseismic deformation together with minor postseismic one. In the present study, we use GPS
data to estimate both co一 and post･seismic slip distributions on the plate boundary by means ofa
geodetic inversion technique (Ⅵlbuki and Matsu'ura, 1992).
2.Data
A nation-wide GPS network, GEONET (GPS Earth ObseⅣation Network System),
operated by the Geographical SuⅣey Institute (GSI) of Japan, includes more than 1200 Stations
distributed all over Japan (Miyazaki et a1., 1997) for the purpose of monitoring regional crustal
deformation. GEONET data are routinely analyzed by using BERNESE software (Hugentobler et
a1., 2001), which is capable of estimating site coordinates by taking double differences of carrier
phase between satellites and receivers to cancel out clock errors of both receivers and satellites.
Recently, taking into account improved models and methods, a new strategy for data analysis has
been applied to demonstrate that the root mean square coordinates are reduced by about 50 %
comparing with the past analysis (Hatanaka et a1., 2003). Daily coordinates obtained from this
new analysis strategy are called F2 solutions and made public.
Tbhoku University has also been conducting continuous GPS observations in the Tbhoku
district, the northeastern part of Honshu island of Japan, since 1987 (Miura et a1., 1993). The
data analysis for the GPS data from sites ofTohoku University has been carried out using a PPP
(Precise Point Positioning) strategy of GIPSY/OASIS-ⅠⅠ (GOA･ⅠⅠ) developed by the Jet Propulsion
Laboratory (JPL), NASA (Zumberge et a1., 1997). The principle of this method is that through the
use of global parameters such as precise ephemerides, clock errors of GPS satellites, and earth
rotation parameters, which JPL estimates precisely based on a global GPS obseⅣation network,
site coordinates can be obtained with highaccuracy using data from only one station. We used
data from both of these networks in this study.
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3. CoseismiC slip distributioTI
Black arrows in Figure 1 denote observed coseisimic displacements associated with the
2005 Miyagi･Oki earthquake at the continuous GPS Stations･ Coseismic displacements are
defined as differences between averaged site coordinates for 5 days from August ll and those
from August 17. Horizontal displacements amounting about 50 mm were observed near the main
shock epicenter. Directions of the coseismic displacements toward the eplCenter Suggest that the
event was a typical interplate earthquake･ We estimate coseismic slip distribution on the plate
interface by applyidg the geodetic inversion technique devised by Yabuki and Matsu-ur且 (1992) to
these obseⅣed displacementS. The shape of the plate boundaⅣ here was proposed by Hasegawa
et al. (1994) and we adopt it in our model for the plate interface. We assumed a curved fault
飢lrface with a dimension of 135 km in strike direction by 120 km in dip direction, and coseismic
slip distribution is evaluated as amplitudes of B･spline basis functions located at　9
(strike･direction) by 8 (dip-direction) grid points. Coseismic slip is constrained to the direction of
the relative plate motion (N65W･Nl15E) plus/minus 15 degrees.
Estimated slip vectors on the hanging wall of the plate interface are shown by blue arrows
and contours with an interval of 0. 1 m in Figure 1. Coseisimc displacements calculated from the
estimated slip distribution are demonstrated by white arrows. The coseisimc slip lS Centered
around the eplCenter Ofthe earthquake denoted by a yellow star. Looking at the area of major slip
shown by the contour ofO.3 m, it covers a southeastern part of the coseisimc slip area of the 1978
event, which was estimated by Yamanaka andKikuchi (2004). This distinctive feature in the
coseiSmic slip distribution is also demonstrated by seismic wave form inversion performed by
okada et al. (2005) and Yaginuma et al. (this issue). The total seismic moment obtained by
integrating the distributed slips shown in Figure 1 amounts to 6.4 Ⅹ 10<19 Nm, which is
equlValent to the moment magnitude of 7･1 and almost identical with the result obtained by
Yaginuma et al. (this issue).
4. Postseismic slip distribution
ln the last decade, there have been many reports of postseismic defわrmations a氏er large
earthquakes that occurred not only at plate boundaries (e.g.,. Heki et a1., 1997; Nishimura et al･,
2000; Hirose et a1., 1999; Miura et a1., 2004) but also inland areas (e.ど. Nakano and Hirahara,
1997) , Owing to the innovation of GPS into geodesy as a powerful tool to measure site coordinates
with exceptionally high accuracy and temporal resolution. Intimate investigation on small
repeating earthquake data by Uchida et al. (2004) also clarified spatio･temporal variation of
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quasi'static, or slow slip on the plate boundary before and after three major earthquakes with
magnitudes around 7 that occurred ofF Sanriku.
Minor postseismic deformatiQn Was also detected after the 2005 Miyagi･Oki earthquake by
discreet processing for the observed time series of site coordinates: a polynomial consisting of
linear trend, annual and semi-annual terms, and coseismic step is fit to the time series for the
period from January I, 2004 to August 17, 2005 by least square method, and then extracted from
raw data･ An example of this processing f♭r a GEONET site, 0550 (Ayukawa) near to the
epicenter is shown in Figure 2･ Examining residuals between raw data and polynomial, eastward
and slightly southward movement is dominant after the main shock･ Postseismic displacements
after major inter-plate earthquakes are often modeled by afterslips on plate boundaries and
characterized by decaying feature with time. Marone et al. (1991) proposed a model for afterslip
based on rate and state variable friction laws suggesting that temporal characteristics ofafterslip
can be approximated by a logarithmic function･ In Figure 2, we can see decaying feature in the
site velocity a洗er the main shock ; however, its quantity seems to be too small to discuss in detail.
We then fit regression lines to the time series for the period from August 17 to October 22 to
obtain postseismic velocities of each displacement component.
Black arrows in Figure 3 indicate postseismic displacements derived from the site velocity
multiplied by the length of the period (67 days). Because of the weakness of the postseismic
slgnanature, irregular distribution of displacements is noticeable comparing with the coseismic
displacements (Figure 1)･ However, there exists a systematic pattern in the distribution showing
larger displacements near the source area along the Pacific coast, while smaller ones in the
northern, the southern, and the western areas･ This suggests that the postseismic displacements
arise from a physical process occurring around the source area of the main shock. We theref.re
assume that the postseismic deformation iS Caused by afterslip on the plate interface and apply
the same inversion technique as the coseismic case using the postseismic displacements shown
by black arrows in Figure 3･ We adopted the same parameters for the inversion except for a
larger dimension ofa model fault, 250 km by 250 km in the first trial, because we do not know
where the afterslip occurred･ We found thatthe afterslip has a spatial extent of about 100 km by
100 km after some trials and finally deployed a fault dimension of 145 km by 145 km to cover the
afterslip area.
Slip vectors on the hanging wall of the plate interface estimated by the inversion are
demonstrated by blue arrows and contours with an interval of O･02 m in Figure 3. Postseisimc
displacements calculated from the estimated afterslip distribution are indicated by white arrows.
The postseisimc slip is located in the southern neighborhood of the coseisimc slip area shown by
pink contours･ It Should be noted that the areas of major co- and post･seismic slips defined by the
contours of O･3 m and O･02 m, respectively, are completely separated, though small amount of
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slips from the co- and post･seiSmic analyses overlap each other. Similar characteristics of
complementary distribution of coseismic slip and a氏erslip have been pointed out in some
literatures (e.g.,. YagiandKikuchi, 2003; Yagiet al. 2003; Miura et a1., 2004; Miyazaki et a1.,
2004; Ozawa et a1., 2004; Yui et a1., 2005). The integrated moment of the afterslip amounts to 2.0
Ⅹ 10人19 Nm, about 30 % of the coseisimc moment obtained in this study. This moment is
equivalent to Mw6.8.
4. Discussion
Okada et al. (2005) carried out precise relocations of main shocks and a氏ershocks of the
1978 and 2005 Miaygi･Oki earthquakes to reveal that the 2005 main shock was closely located to
that of the 1978 main shock and that the 2005 a氏ershock area is overlapped with the
so.uthern/south･eastern part of the 1978 case. Okada et al. (2005) and Yaginuma et al. (this issue)
performed seismic wave form inversions for the 2005 event to demonstrate that the coseismic slip
area of the 2005 event corresponds to the southeastern part of that of the 1978 event and to
conclude that the 2005 event can be regarded as re･activation in the part of the coseismic slip
area of the 1978 event･ Coseismic slip distributions both from the wave form inversion by
Yaginuma et al･ (this issue) and the geodetic inversion by this study are compared in Figure 4.
The slip area larger than O･3 m which was estimated in this study, shown by a green contour,
indicates broader distribution than the result by Yaginuma et al. (this issue). However, they
agree well concerning less spatial resolution in geodetic inversion than wave form inversion. The
coseismic slip distribution inferred from independent GPS data also suggests that the coseismic
slip area due to the 1978 event consists of some sub-faults or asperities and the 2005 earthquake
ruptured just the 80utheasternasperity (Okada et a1., 2005; Yaginuma et al., this issue).
Conversely, there still remains an area not displaced by the 2005 event.
Umino et al･ (this issue) relocated the main shocks and a氏ershocks of the 1933 (M7.1), 1936
(M7･4), 1937 (M7･1), and 1978 (M7.4) Miyagi-oki earthquakes to conclude that three earthquakes
in 1930's ruptured different parts of the source area of the 1978 event, i.C., its eastern, central
and western portions, respectively･ This result leads us to an idea that the next major
earthquakes with magnitudes about 7 will occur in the near future.
Distinctive feature of the afteSlip distributed in the southern neighborhood of the coseismic
slip area is obtained in this study (Figure 3). Uchida et al (2004) found many repeating
earthquakes occurring during the earthquake swarms of the 1989 and 1992 events and durlng
the aRershock activity of the 1994　Sanriku-Oki earthquake (M7.6); however, the　2005
earthquake did not activate repeating earthquakes around its source area (Uchida et a1., 2005).
This is probably caused by the fact that the amount of afterslip is too small (about 5 cm at its
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maximum) to promote repeating earthquakes.
IJOOking at seismicity around the 2005 focal area, We can see some indication suggesting
the occurrence of the a氏erslip. Figure 5 represents M-T diagrams around the a氏ershock area
from an earthquake catalog by the Japan Meteorological Agency. There is no difference in
seismicity before and after the 2005 earthquake in the northern neighborhood, while the number
of earthquakes with magnitude 3 to 4 was slightly increased a洗er the earthquake in the southern
adjoining area. Cumulative numbers of earthquakes in the same areas are shown in Figure 6.
The number of earthquakes in the northern neighborhood of the 2005 a氏ershock area shows no
temporal change even after the earthquake, however, deviation from linear trend can be seen in
the southern neighborhood. Seismic activity raised a洗er the 2005 Miyagi･Oki earthquake in the
southern neighborhood of the focal area may support the occurrence of the afterslip in the same
area.
The 2003 Tokachi10ki earthquake was followed by dominant afterslip lasting for more than
one year as reported by Yui et al. (2005). The a氏erslip area of the 2003 event extended
bi-laterally along the trench axis. This feature contrasts strikingly with the present study: the
a氏erslip occurred only down to the south. This might be caused by the existence of the locked
plate interface at the north of the 2005 Source area.
5. Conclusions
Co･ and post･sesimic deformations associated with the 2005 Miyagi-Oki earthquake were
investigated to resolve the causal interplate slips, using continuous GPS data and the geodetic
inversion. The coseismic slip distribution estimated by the present study shows good agreement
with that estimated by wave form inversions. The major slip area corresponds to the southeastern
part of the rupture area of the 1978 event. This suggests that there still remains the locked plate
interface, which may cause major interplate earthquakes in the near future.
The afterslip seems to have extended uni･laterally to the south of the coseismic slippage.
This distinctive feature also might be caused by the presence of asperities, where seismogenic
stress has not released yet, in the northern neighborhood. Monitoring of space･time evolution in
aseisimic slip occurring on the plate interface is a clue to predict occurrences of interplate
earthquakes and to understand the process of plate subduction.
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Fig. 1 Coseismic displacements and slip distribution estimated on the plate boundary. Black, blue
and white arrows denote observed displacements, slip vectors on the hanglng Wall of the plate
interface, and calculated displacements from the slip distribution, respectively. Contours of the
inter-plate slip are also shown with a color scale. Yellow star indicatesthe epicenter of the 2005
Miyagi-oki earthquake (M7.2). Blue and green contours denote slip distributions of the 1978 (M7.4)
and 1981 (M7.0) earthquakes, respectively, estimated by Yamanaka andKiknchi (2004).
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Fig.2 Example showing how to evaluate postseismic displacements at a GEONET station, 0550
(Ayukawa). Red and blue traces denote northward and eastward displacements, respectively.
Top, middle, and bottom of each component represent raw data,linear trends with annual and
semi-annual variations and coseismic step estimated by least square丘tting, and residuals,
respectively.
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Fig･3 Postseismic displacements and slip distribution estimated on the plate boundary. Black, blue
and white arrows denote observed displacements, slip vectors on the hanging wall of the plate
interface, and calculated displacements from the Slip distribution, respectively. Contours of the
postseisimc slip are also shown witha color scale･ Yellow star and open circles indicate epicenters of
tile main shock (M7･2) and a鮎rshocks. Blue and green contours denote slip distributions of the
1978 (M714) and 198 I (M7.0) earthquakes, respectively, estimated by Yamanaka andKiknchi (2004).
Pink contours indicate the coseismic slip of the 2005 event derived in this study (see Figure 1).
141.5E　　　　142.OE　　　　142.5E　　　　143.OE
Fig･ 4 Comparison of the coseismic slip distributions of the 2005 Miyagi-Oki earthquake
estimated by seismic wave form inyersion (blue contours) performed by Yaginuma et all (this
issue) and the geodetic inversion uslng GPS data in this study (green contours) with an interval
of O･3 m･ Blue circles and red crosses indicate epicenters of aftershocks fわr 2 days of the 2005 and
1978 events, respectively, relocated by Okada et al. (2005).
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Fig. 5 Magnitude-Time diagrams in thethree areas in and around the aftershock area of the 2005
earthquake. Tわp, middle, and bottom panel represent the northern neighborhood of the aftershock area,
the a氏ershock area, and its southern neighborhood, respectively. They are shown by blue, red, and green
rectangles in the insert map.
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Fig. 6 Cumulative number of earthquake in the three areas in and around the aftershock area of the
2005 earthquake. Tわp, middle, and bottom panel represent the northern neighborhood of the aftershock
area, the a氏ershock area, and its southern neighborhood, respectively, shown by blue, red, and green
rectangles in the insert map of Figure 5.
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Small repeating earthquakes and interplate creep around the 2005
Miyagi･oki earthquake (M7.2)
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Abstract:
The 2005 Miyagi-oki earthquake (M7.2) occurred on August 16, 2005 near the hypocenter of
the 1978 Miyagi･oki earthquake (M7.6) which is one of the recurrent 'Miyagi-oki eathquakes'. We
have estimated the spatial･temporal distribution of quasi･Static slip (creep) around the 2005
earthquake by using small repeating earthquakes. Taking advantage of the feature that creep
around an asperity is necessary for the recurrent rupture of the same small asperity, We
estimated the distribution of creep from the distribution of small repeating earthquakes. The
creep iS detected mainly outside of the asperities for the 2005 Miyagi10ki, 1978 Miyagi･oki and
2003 Fukushima･oki (M6.8) earthquakes. The creep rates estimated血･om the recurrence
intervals and slip amounts of small repeating earthquakes for 21 years were almost constant for
the areas nearthe western limit of interplate earthquake but vary temporally ln the areas near
the Japan trench. The changes in the creep rates befわre and a氏er the　2005 Miyagi･oki
earthquake were not significant except for small slip accelerations in some areas near the Japan
trench. It suggests the plate boundary around the asperity for the 2005 earthquake is mostly still
locked.
1. Introduction
The 2005 Miyagi･oki earthquake occurred on August 16, 2005 in the anticipated source
area for the recurrent `Miyagi･oki earthquakes'. However, it was estimated that the earthquake
did not destroyed the whole area of the asperity which caused the previous Miyagi-oki
earthquake in 1978 (The Headquarters for Earthquake Research Promotion, 2005,'Yaginuma et
al. 2006). It is important to know the spatio･temporal evolution of a plate-boundaⅣ Coupling to
understand the earthquake cycle in this area. Repeating earthquake analysis is one of the
powerful tools to estimate the quasi-static slip on the plate boundary (Ellsworth, 1995; Nadeau
and McEvilly, 1999; Igarashi et a1., 2003; Uchida et a1., 2003). It has advantages that the spatial
resolution of slip distributions is as high as earthquake location and that long term data are
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available compared to the GPS data analysュs.
In the present study, we estimate cumulative slips for small repeating earthquakes
assuming that they were equal toJhe quasi-static slip histories in the surrounding areas on the
plate boundaries (Igarashi et a1., 2003; Uchida et a1., 2003).
2. Data and Method
We used digital seismograms recorded by the microearthquake observation network of
RCPEV, Tohoku University, for the period from July 1984 to January 2006. The sampling
frequency was lOOHz and most of the seismometers were of lHz velocity type. In total, we
searched about 10,000 shallow (depth<70km) earthquakes with magnitude 2.5 or larger.
The small repeating earthquakes are identified based on similarity of seismograms. We
calculated coherence of wave forms for events whose epicenter separations are less than 30 km.
The time windows for the analysis Were Set tO 408 from P wave arrivals. The time window
always contain S phase which assure the same S･P time (ie. the same location) if they have high
coherence. We treated an earthquake pair as a pair of repeating earthquakes when the averaged
coherences for 1 ･ 8 Hz were larger than 0.95 at two or more stations. Then, a pair (group) of
repeaters was linked with another if the two pairs (groups) shared the same earthquake.
The cumulative slip was estimated using the same procedure as Uchida et al. (2003, 2004).
The slip for each small repeating earthquake was estimated from the relationship between the
seismic moment and slip (Nadeau and Johnson, 1998). Igarashi et al. (2003) Confirmed that the
slip calculated from this relation is consistent with the slip estimated from the relative plate
motion and repeating intervals using the data fわr several events in NE Japan. The seismic
moment was estimated from the relationship between the moment and magnitude (Hanks and
Kanamori, 1979). Cumulative slip was then estimated by adding all the slips of small repeating
earthquakes in one group.
3. Distribution of 8man repeating ear払quake8
Figure 1 shows the distribution of small repeating earthquakes around the 2005 Miyagi-oki
earthquake. Blue circle shows the centroid of repeating earthquake sequence. Orange circle
indicates the centroid of repeating earthquake sequence that showed activity for the period of 4.5
month before (Fig.1a) and after (Fig. 1b) the 2005 event. Yellow star shows earthquake with
magnitude 6 0r larger for the periods. The contours denote coseismic slip distributions for the
1978 Miyagi･oki earthquake, 1981 MO.0 event, 2003 M6.8 event (Yamanaka andKikuchi, 2003)
and the 2005 M7.1 event (Yaginuma et a1., 2006). peaks or each coseismic slip distribution
correspond to asperities. Most or small repeating earthquakes are distributed outside the
asperities. Some of small repeating earthquakes that occurred after the 2005 event (orange
circles in Fig.1b) are distributed near the earthquakes ofM6 or larger (yellow stars in Fig. 1b).
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Fig･ 1 Distribution of small repeating earthquake groups (blue circles). Orange circles indicate
the small repeating earthquake groups that showed activity for the period of 4.5 months
before the 2005 earthquake (a) (from 1 March 2005 to ll:46 16 August　2005 lJST]) and
for the period of4･5 months after the 2005 earthquake (from ll:47 16 August　2005 to 31
January 2006). Thin contours show the coseismic slip distributions for the 1978
Miyagi･oki earthquake, 1981 M7.0 event, 2003 M6.8 event and　2005 M7.1 event
(Yamanaka andKikuchi, 2003; Yaginuma et a1., 2006). stars denote the hypocenters with
magnitude 6 or larger･ Gray circles show the earthquakes shallower than 70 km for the
period from January 2005 to January 2006.
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Fig.2 Averaged cumulative slips of
small repeating earthquakes for the
period from 1984 to December 2005.
(a) Distribution of small repeating
earthquakes (orange circles) and
windows (rectangles) used to estimate
aver.aged cumulative slip･ Bold line
denotes the western limit of low-angle
thrust earthquakes (Igarashi et al.
2001). (b)　Averaged　(stacked)
cumulative slips for the small
repeating earthquake groups in the
windows shown in (a).
4. Temporalcbange in creep
Figure 2b shows the averaged cumulative slips for small repeating earthquake groups. We
averaged the cumulative slips of all the groups in each rectangle shown in Fig.2a to show the
result in Fig.2b･ Note that there may be lack of repeating earthquakes before 1992 because of
incompleteness in the wave form database･ The cumulative slip of small repeating earthquake
(creep) increases with almost constant rate for the regions near the western limit of interplate
earthquakes (regions A, C, E, and I). On the other hand, the regions near the Japan trench
(regions D and K) shows some temporal fluctuations in the creep rate. In-between regions (B, F, G,
H, J and L) show relatively low slip rate. The creep-rate change afらer the 2005 event (vertical
line) is insignificant except for region D where two M6.3 earthquakes occurred.
Figures 3aand 3b show the cumulative slips for 2 months at the region K and reglOn D,
respectively･ In reglOn D, slip was estimated a洗er the first M6.3 event near the Japan trench as
shown in Fig 3b. In region K slip was estimated both befわre and a氏er the 2003 M6.8 event. These
obseⅣations show the existence of creep acceleration at the regions.
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Fig･ 3 Averaged cumulative slips丘)∫ regions K and D f♭r the periods of two months. The
occurrence times of major earthquakes are shown by vertical lines and arrows.
93
142　　　　　　　　143　　　　　　　　144ト
(tJ)　141　　　　　　142　　　　　　143　　　　　　144i
Fig･ 4 A氏ershock distributions of (a) the 1978 M7.4 and (b) 2005 M7.2 Miyagi･oki earthquakes.
Earthquakes shallower than 60km for the period of one month after each main shock were
plotted･ Two rectangles labeled D and K are the same as those shown in Fig. 2a.
5. DiSCu88ionS
The small repeating earthquakes are distributed mainly outside the large asperities. This
probably shows that the creep is dominant outside the asperities. The numbers of small
repeating earthquakes for the period of4.5 months before and after the 2005 event are 9 and 19,
respectively. Therefore, the activities of the small repeating earthquakes are increased after the
2005 event which probably due to creep acceleration in the wide area･ However the creep
acceleration was not so significant if we see long term (20 years) slip history estimated from small
repeating earthquakes shown in Fig. 2. This shows that such weak creep accelerations have
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frequently occurred in the analyzed 21 years.
Miura et al. (2006) performed GPS data analyses to show that the afterslip of the 2005
earthquake was distributed to the sotith of the coseismic slip area and that the maximum slip
was as small as about 5 cm･ This slip is too small to be detected obviously by small repeating
earthquake analysis becausethe slip for the smallest repeating earthquake analyzed here (M2.5)
is about 10 cm.
The lack of large afterslip for the 2005 event is peculiar compared to significant afterslips
reported for large interplate earthquakes along the Japan trench. For example, the moments for
the afterslips following the 1994 Sanriku-oki earthquake (M7.6).and the 1989 Sanriku-oki
earthquake (M7.1) were estimated to be almost the same as the coseismic slips (Heki et a1., 1997;
Nishimura et al･, 2000; Kawasaki et a1., 2001). As shown in Fig.1, there are many large asperities
in the Miyagi･oki region and the 2005 event was estimated to have ruptured only the
southeastern part of that of the 1978 event (Yaginuma et al ,2005). Furthermore, the interplate
coupling estimated from GPS data is high in this region (Suwa et al. 2006). The lack of large
a氏erslip of the 2005 earthquake was possibly due to the strong locking around the asperity fわr
the earthquake.
The seismic activity near the Japan trench was obseⅣed not only a氏er the 2005
earthquake but also after the 1978 Miyagi-oki earthquake as shown in Fig.4. The one month
aftershock distributions for the 1978 Miyagi-oki earthquake (Fig. 4a) and the 2005 earthquake
(Fig･4b) are similar to each other except for the area near the region K where the boundary
already slipped in 2003･ The activities of small repeating earthquakes in region D a氏er the 2005
M6･3 earthquake and in region K a氏er the 2003 M6･8 earthquake show there were creep
accelerations for the periods･ Therefore, unsteady slip at the regions near the Japan trench is
probably prone to be triggered by the earthquakes in the deeper part of the plate boundary such
as the 1978 and 2005 earthquakes.
6. Conclu8ion8
Spatio-temporal change in the interplate creep off･Miyagi, Japan was investigated from 21
year small repeating earthquake activity･ The small repeating earthquakes are distributed
mainly outside the coseismic slip areas for large earthquakes which show the creep is dominant
outside the asperities･ We observed the activation of repeating earthquakes after the 2005
earthquake but the estimated creep rate change was not significant except for a near･trench
region where two M6.3 events occurred after the 2005 earthquake. We also found some of seismic
activity and creep rate nuctuation at the region near the Japan trench are associated with the
interplate earthquake at the deeper part of the plate boundary.
95
Acknowle dge me nt
We thank Mr･ T･ Nakayama and Mr･ S･ Hirahara at Tohoku University for their cooperation
in editing wavefbrm data This work was partly supported by the 21st Century Center of
Excellence program, 'Advanced Science and Technology Center for the Dynamic Earth. at Tohoku
University･ Some of the figures were drawn using Generic Mapping Tools (Wessel and Smith,
1995).
Re鮎rence8
Hanks, T･ C･, Kanamori, H･, A moment magnitude scale, JI GeopLys･ Res., 84, 2348-2350, 1979.
Heki, K･, S･ Miyazaki and HI Tsuji, Silent fault slip following and interplate thrust earthquake at
the Japan trench, Nature, 386, 595-598, 1997.
Igarashi, T･, Matsuzawa, T., Umino, N., Hasegawa, A., Spacial distribution of focal mechanisms
for interplate and intraplate earthquake associated with the subducting Pacific plate
beneath the northeastern Japan arc: A triple･planed deep seismic zone･ J･ GeopAys. Res.
106, 2177-2191, 2001.
Igarashi, T･, Matsuzawa, T･, Hasegawa, A., Repeating earthquakes and interplate aseismic slip ln
the northeastern Japan subduction zone, J. GeopLys. Res. 108, 10. 1029/2002JBOO1920,
2003.
Kawasaki, I.,Asai, Y., Tamura, Y., Space･time distribution of interplate moment release
including slow earthquakes and the seism0-geodetic coupling in the Sanriku-oki region
along the Japan trench, 7bctoDOPLysl'cs, 330, 267-283, 2001.
Nadeau, R.M., Johnson, LR., Seismological studies at Parkfield VI: Moment release rates and
estimates of source parameters for small repeating earthquakes. Bull. Sel'smol. Soc. Am.,
88, 790-814, 1998.
Nishimura, T., S. Miura, K. Tachibana, K. Hashimoto, T. Sato, S. Hori, E. Murakami, T. Kono, K.
Nida, K. Mishina, T. Hirasawa and S. Miyazaki, Distribution or seismic coupling on the
subducting plate boundary in northeastern Japan inferred from GPS observation,
Tectonophws, 323, 217-238, 2000.
Suwa, Y., S. Miura, A. Hasegawa, T. Sato, and K. Tachibana, Interplate coupling beneath NE
Japan inferred from three dimensional displacementfields, J. Geophys. Res., 2006, in
preSS
The Headquarters for Earthquake Research Promotion, Earthquake Off･shore of Miyagi
Prefecture onAugust 16, 2005, 2005.
Uchida,N., T. Matsuzawa, A. Hasegawa, T. Igarashi, Interplate quasi-static slip off Sanriku, NE
96
Japan, estimated from repeating earthquakes, GeopLys. Res. Left., 30(15)
doi:10. 1029/2003GLO17452, 2003.
Uchida, N･, A･ Hasegawa, T･ MatsuzaWa, and T･ Igarashi, Pre･ and post-seismic slow slip on the
plate boundary offSanriku, NE Japan associated with three interplate earthquakes as
estimated from small repeating earthquake data, TectonopLysl'cs, 385, 1･15, 2004.
Wessel, P., and W. H. F. Smith, New version of the Generic Mapping Tools released, Eos l}ans.
AGLE 76, 329, 1995.
Yaginuma, T= T･ Okada, YI Yagi, T. Matsuzawa, N. Umino and A. Hasegawa, CoISeismic slip
distribution of the 2005 off Miyagiearthquake (M7.2). estimated by inverSionof
-　teleseismic and reglOnal seismograms, submitted to Eaz･tk lYaDet. Space., 2006.
Yamanaka, Y" and M･ Kikuchi,Asperity map along the subduction zone in northeastern Japan
inferred from regional seismic data, J. Geophys. Res., 109, BO7307,
doi:10. 1029/2003JBOO2683, 2004.
97
宮城県沖海底地殻変動観測に向けた研究
藤本博己･三浦哲･日野亮太･西野実･
木戸元之･長田幸仁･桑野亜佐子･水上知子･対馬弘晃
東北大学大学院理学研究科　地震･噴火予知研究観測センター
要旨
平成16年度から, G P S音響結合方式の海底地殻変動観測を宮城県沖と岩手県沖で進めており,
17年度には宮城県沖の海側アスペリティの中心付近および福島県沖でも観測を開始した.海底測
地観測を行うための基礎的な調査として,観測サイト周辺の精密地形観測を行うとともに,無人
探査機による潜航調査を行い,厚い堆積層の上に設置した音響測距用海底局の姿勢の安定性を確
認した.現状では海底測位の繰り返し測位精度は数cmであり,宮城県沖において,太平洋プレ
ートの沈み込みに伴う上盤プレートの変形と解釈される地殻変動を検出することはできた.しか
し2005年8月の宮城県沖地震に伴う海底地殻変動は,各観測サイトで1-3cm程度と推定され
ており,その変動を捉えるには至らなかった.早急に2-3cmの繰り返し潮位精度を達成する必
要がある.
1.はじめに
日本列島における広域かつ高密度の地震及び地殻変動観測により､海溝型地震はプレート境界
におけるアスペリティ(固着域)の間軟的滑りによって起こるというモデルの検証が進み､アス
ペリティの大まかな分布も推定されている｡しかし宮城県沖地震など海溝型地震のアスペリティ
は海底下にあり,なかでも,プレート境界面の滑りの研究が進んでいる日本海溝では､海溝軸が
陸から200kmほども離れているので､今後の研究の進展には海底における地震および地殻変動
観測が不可欠である｡
G P S (GlobalPositioning System)は微′j､な地殻変動の分布を面的に捉えることを可能にし
たという意味で地殻変動観測に革命をもたらし､その重要性を再認識させた｡しかし電波の届か
ない海底の観測にGP Sを直接用いることはできない｡陸上から100km以上離れた海底の地殻
変動を観測する方法として現在最も有望視されているのは､海上のGP S観位と海中の音響測位
を結合したGP S音響結合方式の海底測位の繰り返しにより水平変動を検出し､海底圧力の長期
観測と繰り返し観測を結合して上下変動を検出する方法である｡プレートの沈み込み角度は小さ
いので､水平変位の検出が重要である｡海中の音響測位における最大の問題は音速変化の影響で
ある｡その影響を除去し海底の水平変位をセンチメートルオーダーで検出するために､ほぼ等間
隔で設置した海底局3台のアレイを用いる測位方法を用いる｡
大地震が頻発している日本海溝周辺の中でも､ 30年から40年の周期でほぼ同じ場所で大地震
が起きている宮城県沖は､大地震の発生確率が高く､調査も進んでいる｡宮城県沖地震には陸側
のアスペリティの他に､まれに陸側の震源域と連動して大きな津波を引き起こす海側のアスペリ
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ティの存在も推定されている｡東北大学では､それらの二つのアスペリティの境界付近(図1の
GJT4)において,海上のG P S測位と海中の音響測位を結合する方式の地殻変動観測を開始して
いるが,今年度はさらに海側のアスペリティの上(図1のGJT3),およびその南側の福島県沖に
おいても,同様な観測を開始した.海底観測および観測データの解析には､精密な海底地形の情
報が不可欠であり､夜間等の時好を利用して,観測サイト周辺の精密地形調査を行った｡
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図1.　既存の海底地形データと調査海域.図の左端付近が海溝軸である.地殻変動観測用海
底局アレイ(GJT3については北側のアレイ)の中心位置を以下に示す.
GJT3:北緯38度17.637分,東経143度29.014分,水深3260m
GJT4:　北緯38度24.420分,東経142度49.993分,水深1483m
99
142o 301　1428 40'　142- 50'　1438 001 0
八U
440
LrJ
34
rJ1
0440334
ii
0234
ii
0
■1
34
二二二∴二二.一二二二二■.lJn_,.ここ_.._="J::=∴｡二二_二二-_二∴ ._.......__～∴⊥~.二=/"∴二LL二∴_二_I_ I.i..._二二二二~　　_ :目し　　~　~~　- I_　_ . ■
∴ -r _-=l:_- __恩
｢~-　　　　　　　.　　　　　　~　一一.~~~~~~ ~~~~∴~∴､　■■　■■■■　り~~　~~~二Il ■■ ■ I ■ ■~"■■ ~~~丁~■:■ -R~~｢川-~~丁~∴^.L'.二二.｢■.--TT二二~■∴rJ L■TTTTyT■lLmnー`~~′'
1429 307　142● 401  142o 50■　143° 00●　143. 10'  143o 2Dl　143e SOP  143'401  143° 50■　144o OO･
ェ7000　　　　　　　-6000　　　　　　　-5000　　　　　　　4000　　　　　　　-3000　　　　　　　-2000
142° Sol  142o401  1426 Sol  143° 00'  143o 10'  143B 201  1430 307　1438 40-　143や50･  1440 Oof
-■　　　　　-　　　　　-.lll■-■■　　　】-　　　　--
142o 30'  1421 40'  142. 50'  1439 001  143o 101  143o 20'  143o 3日■　143o 40'  143'50'  1448 00･
図2.　かいれい航海のマルチナロービーム地形調査による海底地形図および航跡図
2.宮城県沖の海側アスペリティ上における海底局の設置状況の確課
精密な海底測位には3台の音響測距用海底局のアレイが必要であり､それらの海底局は､顕著
な断層が認められず､同一の海底ブロック内にある平坦な海底に設置する必要がある｡宮城県沖
の二つのアスペリティの境界付近は､水深約1500mのほぼ平坦な海底であり､観測における問題
点は比較的少なく,海底局は海面から投下して設置した｡
一方､海側のアスペリティは基本的に海溝の陸側の急崖の下に位置しており､平坦面が望まし
いG P S音響結合方式の海底地殻変動観測点を設けることは簡単ではない｡幸い､宮城県沖の海
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底には水深3300m付近にテラス状の限られた平坦面がある. 2003年にこの平坦面を狙ってGJT
3サイトに海底局を設置したが,設置状況はわからず,また海底測位観測する時間もなかった.
そこで平成17年度に,海洋研究開発機構の調査船｢かいれい｣により,宮城県沖の2つの観測サ
イト殻海溝軸付近までの精密地形観測を行った.観測前の地形図を図1に,観測により得られた
地形図を図2に示す.
その後,無人探査機｢かいこう7000｣を用いて,既設の海底局の設置状況を観察した.図3に
示すように,厚い堆積層の上に設置された海底局の姿勢は極めて安定しており,プレート運動に
伴う水平変動をモニターする海底ベンチマークとして, 1cmの長期安定性はあると判断した.た
だし,近傍で宮城県沖地震のような大地震があった場合には,海底局が揺すられて沈む恐れがあ
り,再度,設置状況の確認が必要であろう.さらに,無人探査機を用いて,海底局の設置作業を
行った.海底に設置後の海底局の写真を図4に示す.
図3.　2003年に設置した海底局の設置状況を示す写真
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図4･無人探査機｢かいこう7000｣により設置した海底局
3 ･福島県沖における海底地殻変動観測の開始
平成17年6月の研究船淡青丸の航海において,福島県沖のGFKサイトに新たに海底測地観測シ
ステム3台を設置したo詳しい海底地形図はなかったが,既存の地形図により海底に大きな起伏
はないと判断し,海底局は海面から投下して設置した･その後,約3日間にわたって,海底測位
観測を実施した･海中の音速構造を把握するために､ CTD, X-CTD, XBT, IESの観測も合わせて行
った｡ 3台の海底局アレイの中心位置を以下に示す｡
GFK=　北緯37度37･000分､東経142度46.000分､水深2200m
10月には研究船白鳳丸の航海があり,福島県沖の観測サイト周辺の海底地形観測を行った.得
られた海底地形図を図5に示す･海底局アレイは,図らずも,南東方向に海底渓谷が無数に走る
急斜面直下の平らな扇状地に設置していたことがわかった･また､特に断層や構造線をまたいで
いる様子も見られず,海底局は安定した場所に存在しているといえる･しかしその西側には,既
存の地形図では分からなかった比較的急な斜面があり,精密な海底地形図の重要性を再認識した.
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図5.　福島県沖GFKサイト周辺の海底地形マッピングの結果と3台の海底局の位置.
4.海洋プレートの沈み込みに伴う上盤プレートの変形の観測
平成17年6月に,福島県沖に海底局3台を設置するとともに,既設も合わせて海溝陸側の
3サイトで測位観測を行った.いずれも海底の繰り返し測位精度は数cmであるが,宮城県
沖のGJT4サイト(北緯38度24.4分,東経142度50.0分)では海洋プレートの沈み込みに
伴う上盤プレートの変形と解釈される地殻変動を検出した(図6).
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図6.宮城県沖のGJT4サイトにおける2回の海底測位観測の結果.東側の赤丸は2004年
8月,西側の緑色の点は2005年6月の観測結果であり,太平洋プレートの沈み込みに
伴う上盤プレートの変形を示していると解釈される.
5. 2005年8月の宮城県沖地震に伴う海底地殻変動
8月16日にM7.2の宮城県沖地震が発生したが,ちょうど宮城県沖でGPS音響結合方式の海
底地殻変動観測の航海中であったので,急速宮城県沖2サイトおよび福島県沖において観測を行
った.ただし観測時間各サイト半日から1日程度と極めて限られており,どの観測サイトも震源
近傍ではなかったので,陸上GPS観測から推定された1 -3cm程度の海底変動との違いを見出
すことはできなかった.
6.まとめ
平成16年度から,日本海溝の陸側で, G P S音響結合方式の海底地殻変動観測を宮城県沖と岩
手県沖で進めている.繰り返し測位精度は数cmであり,宮城県沖において,太平洋プレートの
沈み込みに伴う上盤プレートの変形と解釈される地殻変動を検出した.しかし2005年8月の宮
城県沖地震に伴う海底地殻変動を捉えるには至らなかった.陸上のGP S観測から推定される各
観測サイトにおける地殻変動は1-3cm程度と推定されており,その変動を捉えるためには,少
なくとも2-3cmの繰り返し測位精度を達成する必要がある.観測サイト周辺の精密地形観測を
行うとともに,無人探査機による潜航調査を行い,厚い堆積層の上に設置した音響測距用海底局
の姿勢の安定性を確認したことは,これまであいまいにされてきた海底測地観測の基盤を固めた
という意味で重要である.
104
2005年8月16日宮城県沖の地震(Mw7.2)の高周波震源過程解析
中原　恒,滞崎　郁　(東北大学大学院理学研究科)
｢要旨｣
2005年8月16日11時46分,宮城県沖を震源とするモーメント･マグニチュード(Mw) 7.2の地震
が発生し,宮城県川崎町で最大震度6弱を記録した.震源メカニズム解,余震分布などからこの地
震はプレート境界型地震であると考えられている. (独)防災科学技術研究所の強震観測網K-NET,
Kik-netのうち,震央距離130km以内にある26点の近地強震動記録を用いて,記録の特徴を調べる
とともに,高周波エンベロープ･インバージョン解析を行い断層面上の地震波エネルギー輯射量
分布を解明した.仮定した断層面は,長さ,幅ともに64km,走向200? ,傾斜200　であり, 8kmx
8kmめ小断層合計64佃に分割された.解析の結果,破壊伝播速度は2.4km/S,小断層のエネルギー
編射継続時間は2Sが最適であった.また,断層面上の高周波(1-16Hz)地震波エネルギー輪射量
は,破壊開始点,それを取り囲む半円の領域,沖合側の北端の3箇所で大きいことが明らかになっ
た.高周波エネルギーの幅射位置と低周波のアスペリティの位置の対応関係は相補的ではない.
I-16Hzの周波数帯で断層面から幅射された高周波地震波エネルギー量は, 8.4xl015Jであった.こ
の値は東北日本の沖合で発生する同じ規模の地震としては標準的であるが,同じ規模の日本の内
陸地震に比べると5倍から10倍程度も大きく,高周波の地震波編射特性には地域性が存在すること
を確認するものとなった.
｢本文｣
1.はじめに
2005年8月16日11時46分,宮城県沖を震源とするモーメント･マグニチュード(Mw) 7.2の
地震が発生し,宮城県川崎町で最大震度6弱が観測された.この地震による死者はいなかったも
のの, 100名近い負傷者がでた.この地震の震源メカニズムは低角逆断層型であり,余震分布を
考慮すると太平洋プレートと陸側のプレートとの境界で発生した典型的な地震である.この地震
の震源域は想定されている宮城県沖地震の震源域と重なり,この地震が想定地震であるのかどう
かが多くの人の関心を集めた.政府の地震調査委員会によると,この地震は想定地震とは異なる
ものと判断されており,この地震が想定地震に与える影響が懸念される.このような観点からも,
今回の地震の震源過程の詳細を明らかにすることは重要な意味をもつ.
この地震の際には,防災科学技術研究所のK-NET, Kik-netをはじめとする強震観測網により多
くの良好な強震動記録が得られている.本研究では震源距離が約130km以内にある26点における
近地強震動記録を利用して,まず震源過程の観点からそれらの記録の特徴を述べる.続いて,高
周波(1-16Hz)ェンベロープ･インバージョン解析[たとえばNakahara et al. (1998)]を行い,
断層面上の高周波地震波エネルギー頼射量分布を明らかにする.
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2.近地強震動記録の特徴
図1は,震央距離が約130km以内にあるK-NET, Kik-net観測点(▲印)の位置を震央(★印)と共
に示したものである.これらの点の加速度記録の主要動部分を見ると,震央よりも北側の観測点で
は少なくとも2個のピークを確認することができるが,震央より南側の観測点では2個のピークを見
分けることが困難になる.なお, K二NET, Kik-netで捉えられた最大加速度は,震央の北西に位置す
るMYGO04において, 2つ目のピークで記録された564gal (特に南北動で514gal)であった.主要動の
継続時間は観測点によって異なり,およそ15秒から25秒間である.
2つのピークの特定を容易にするため,加速度記録を数値積分して速度記録に変換し, 0.1-1Hzの
バンドパスフィルタをかけた記録を観測点の方位角の順に並べた結果が図2である.ここではEW成
分の結果のみを示している.震央より北側,特に方位角が2900　以上の観測点では,最初のピークと
2ら目のピークが/#常に明瞭に確認でき,その時間差は5Sから7S程度である.一方,南の観測点にな
るほど2つのピークの時間差が小さくなるように見え, MYGHIO以南の観測点ではピークの分離が難
しい.相対震源決定の考え方に基づくと,このピークの時間差より, 2つ目のパルスの輪射位置は1
つ目のパルスの輯射位置から南西の方向に位置することが示唆される.
3.エンベロープ･インバージョン解析
エンベロープ･インバージョン解析の手法はNakahara et al. (1998)による.図3に示した概
念図に基づきその概略を説明する.無限均質媒質中に等方散乱体がランダムー一様に分布するもの
とする.ここでは, S波エネルギーのみを考慮し,さらにS波からS波-の散乱のみを仮定する.
そのような媒質中に震源断層を考え,それはいくつかの小断層から構成されるものとする.各小
断層の中心にはダブルカップル型の幅射特性をもつ点震源が配置されている.開始点から一定速
度で伝播した破壊フロントが小断層の中心を通過すると, Box-car型の時間関数に従って地震波
エネルギーが輪射されるものとする.輪射された地震波エネルギーは,伝播過程で内部減衰や多
重散乱の影響を受け,さらに観測点(サイト)直下の地盤の影響を受け,観測点に到達する.こ
のように,観測点で観測されるエンベロープは,震源,伝播,サイト増幅の影響を受けている.
そのうち,伝播による減衰と多重散乱過程は, Sato et al. (1997)の幅射伝達理論によるモデルに
基づき考慮する.なお,幅射伝達理論とは,不均質媒質中の波動伝播を,等方散乱体がランダム
一様に分布する媒質におけるエネルギーの輸送過程としてモデル化するものであり,このモデル
によると媒質はS波の速度,散乱係数,内部減衰パラメタの3つで特徴づけられる.伝播過程の
影響を考慮した後,震源での地震波エネルギー幅射量と観測点でのサイト増幅係数をインバージ
ョンにより推定する.ただし,サイト増幅係数は基準点に対する値である.また,破壊伝播速度と
Box-car時間関数の継続時間はグリッドサーチにより推定する.
インバージョン解析には,前述の26点における記録を使用した.基準観測点はKik-netによる
MYGH12観測点のボアホール点(深度103m)とした. 3成分加速度記録に対し次の手順で処理を行
った. (1)加速度記録を数値積分により速度記録に変換する, (2)周波数卜2, 2-4, 418, 8116Hz
のバンドパスフィルタをかける, (3)2乗する, (4)3成分の和を取る, (5)3秒間の移動平均をと
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り平滑化する, (6)媒質の密度(2.5g/cm3)をかけてエネルギー密度の次元をもつエンベロープと
する. S波部分のみを解析に使用するため,解析区間はS波初動到達時から震源経過時間64秒ま
でとする.
エンベロープグリーン関数の計算に用いたパラメタについては,平均S波速度を3.85km/Sとし,
散乱係数と内部減衰パラメタは桜井(1695)による宮城県女川町での値(表1)を使用した.走時と
射出角の補正には4層からなるS波速度構造(表2)を用いた.
余震分布と長周期波形インバージョンの結果[八木, (2005)]を参考に,断層面(Strike-2000 ,
Dip-200 ,長さ64km,幅64km)を設定し, 64個の小断層(8km四方の正方形;中心位置が図1の
●印)に分割した後,各小断層からの地震波エネルギー輯射量を推定する.但し,各小断層には
Strike-2000 , Dip-200 , Rake-870　の震源メカニズム解をもつ点震源を配置する.
グリッドサーチの緬果,図4の★印で示すように,破壊伝播速度は2.4km/S,福射継続時間は2
秒と求められた.エンベロープの残差2乗和のコンター形状から判断すると,頼射継続時間は精度
よく推定されている.しかし,破壊伝播速度に関しては2.4km/Sから3.5km/Sの範囲内であまりよ
く拘束されておらず,これは陸側の観測点のみを使用する解析の限界であると考えられる.推定
された断層面におけるエネルギー輪射量分布を図5に示す.破壊開始点付近,それを半円形に取り
囲む領域,ならびに断層北東端の3箇所でエネルギー輯射量が大きく,この地震は多重震源である
ことが明らかになった.以降,それぞれを高周波輯射域1, 2, 3と呼ぶ(図7参照).なお,高周波
幅射域2は半円形に広がった領域となっているが,その中では破壊開始点の南西側の寄与が大きい.
解析した周波数帯1-16Hzの地震波エネルギー量をすべて足し合わせると8.4Ⅹ1015Jとなる.図6に示
すとおり,理論エンベロープ(青線)は観測エンベロープ(赤線)をよく再現できている.特に,
北側に位置する観測点(図6右側)では,観測されたェンベロープには2つのピークが明瞭に観測
されるが, 1番目, 2番目のピークに対応する震源がそれぞれ高周波幅射域1,高周波頼射域2であ
る.高周波柘射域3は,観測エンベロープのコーダ部分に対応し,記録の上からはあまり大きな寄
与はないが,距離が遠いため大きなエネルギー量として断層面まで戻されるものと考えられる.
4.議論
本研究の結果を長周期波形インバージョンの結果と比較する.まず本研究でもとめた周波数帯
卜16Hzの地震波エネルギー輪射量分布を図7左図に白黒の濃淡で示す.黒い色ほど強いエネルギー
輯射を意味する.一方,周波数0.05-0.5Hzの長周期帯において,八木(2005)は遠地実体波記録
を用いた波形インバージョン解析を行い,断層面上のすべり量分布を明らかにした.その結果(図
7右のカラーの図)によると,破壊開始点付近ですべり量が大きく,最大すべり量は約0.7mである.
両者を比較すると,破壊開始点付近の高周波幅射域1では短周期,長周期とも強く輯射されている.
また高周波頼射域2では,高周波幅射域1の南西側で大すべり域と一部重なっている.しかし,高
周波幅射域3に対応する大すべり域はない.以上より,今回の地震では,高周波と低周波の幅射域
は相補的とは言えず,複雑であったものと考えられる.
次に今回の地震の高周波エネルギー輔射量について検討を行う.中原(2005)はこれまで解析し
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てきた9つの中･大地震の解析結果をまとめて,高周波エネルギー輯射に関する統計的特徴を明ら
かにした.その中で, 5つの内陸地震と4つの海の地震(うちプレート境界3つ,スラブ内1つ)
にグループ分けした結果,海の地震は同じマグニチュードの内陸地震と比較して, 5倍から10倍程
度大きい高周波地震波エネルギーを梅射することを指摘した.この4つの海の地震とは, 1994年
三陸はるか沖地震(Mw7.7) , 2003年十勝沖地震の本震(Mw8.3) ,最大余震(Mw7.3) , 2003年宮
城県沖のスラブ内地震(Mw7.0)であり,いずれも北海道,東北日本で発生した地震である.その
ため,海の地震の一般的な特徴というより地域性を反映したものかもしれない.これら4つの海の
地震に対して,オクターブ幅の周波数帯域において断層面全体から幅射される高周波地震波エネ
ルギー量とMwの関係を図8に示す.図中の色の違いが周波数帯の違いに対応する.図中の実線は,
エネルギーの対数がマグニチュードによってスケールされる関係式であり,レベルはデータに概
ね合致するように描かれている.これは,地震波エネルギーの対数がマグニチュードの1.5倍に比
例するというグーテンベルグ･リヒタ-の関係式[Gutenberg and Richter (1956)]とは異なって
おり,インコヒ-レントに幅射される高周波地震波エネルギーが示す特徴的なスケーリング則で
ある.この図中に,今回の地震の結果を赤色のダイヤ印で示す.値が大きい順から,卜2, 2-4,
418, 8-16Hzの結果である. 1-2, 2-4Hzの値はほぼ同じであるため,図中ではほぼ重なって見える.
これらと実線の関係式とを比較すると,両者はほぼ一致している.そのため,今回の地震の高周
波エネルギー輪射量は,これまでの4つの地震の傾向とほぼ同様であることが分かった.これは
今回の地震が東北日本で発生する海の大･中地震としては標準的であることを示す.しかし,こ
れは同規模の内陸地震に比べると5-10倍大きい高周波地震波エネルギーを頼射したことを意味し
ており,高周波の地震波輯射特性には明らかな地域性が存在することを確認するものである.
5.まとめ
2005年8月16日宮城県沖の地震に対して,近地強震動記録を用いて,それらの特徴を調べるとと
もに,高周波エンベロープ･インバージョン解析を行い断層面上の地震波エネルギー編射量分布
を明らかにした.その結果,破壊伝播速度は2.4km/S,小断層のエネルギー幅射継続時間は2 Sが
最適であった.断層面上の高周波(ト16Hz)地震波エネルギー幅射量分布は,破壊開始点,それ
を取り囲む半円の領域,沖合側の北端の3箇所で大きいことが明らかになった.高周波エネルギー
の輪射位置と低周波の大すべり域の位置の対応関係は相補的ではない.また,高周波地震波エネ
ルギー輔射量は, 1-16Hzにおいて8.4Ⅹ1015Jであった.これは,同じ規模の日本の内陸地震に比べ
て5-10倍程度大きく,大･中地震の高周波地震波幅射特性には地域性が存在することを確認する
結果となった.
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表1解析に使用した散乱･減衰パラメタ[桜井(1995)]
周波数(Hz) 伜Yy?y??ﾘ???熾伯ｸ衰Q値 
1-2 蔦??32?52.1 
2-4 ???R?08.2 
4-8 ???"?35.3 
8-16 ?ﾃ?S?990.1 
表2　解析に使用したS波速度構造
層番号 ?Fy?7ｆｶﾒ??層厚(km) 
1 ???7.0 
2 ?紊b?l.0 
3 ?纉2?7.0 
4 釘紊B?ｼ無限 
141                   142∈
図1強震観測点(▲印)と仮定した断層モデル. ★印は破壊開始点, ●印は小断層の中心位置
を示す.領域Al,A2,Bは地震調査委員会による宮城県沖地震の想定震源域である.
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図2　速度記録東西動成分の方位角に沿ったペーストアップ.最初のパルスが並ぶように時刻を
揃えている.
図3　エンベロープ･インバージョン法の概念図.星印は破壊開始点,灰色の四角は断層面,灰
色丸印はS波の等方散乱体,黒逆三角印は観測点を表す.
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図4~　破壊伝播速度と轟射継続時間のコンター図. ★印は最小残差が得られた点である.
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図5　断層面上の高周波地震波エネルギー頼射量分布.星印は破壊開始点を表す.
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図6　観測エンベロープ(赤線)と理論エンベロープ(青線)との比較(4-8Hzの例).
図7　高周波(1-16Hz)地震波エネルギー梅射量分布(左図;白黒濃淡)と長周期波形インバー
ジョンによるすべり量分布(右図;カラーの図) [八木(2005)].星印は破壊開始点を表す.それ
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ぞれ黒い色,赤に近い色ほど値が大きいことを意味する.
(｢9LOLu!)S山
図8　高周波エネルギー幅射量のスケーリング関係.縦軸は対数で1016J単位,横軸はMwである.
青色,桃色,黄色,水色は1-2, 2-4, 4-8, 8-16Hzを意味する.シンボルは,中原(2005)による
東北日本の4つの海の地震に対する解析結果,実線はそれらを説明するスケーリング則で,エネ
ルギーの対数がMwに比例する.赤色のシンボルは今回の地震の結果である.
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仙台地域の強震観測記録を用いた深部地盤構造モデルの検証と
1978年宮城県沖地震における地震動特性との比較検討
源栄　正人､山本　優､陳　軍､大野　晋
東北大学工学研究科災害制御研究センター
1.はじめに
近い将来極めて高い確率で発生が予測されている宮城県沖地震の襲来をうける100万都市仙台
とその周辺領域における都市構造物の耐震対策や地域の地震防災対策のための基礎資料として､
これまで検討されてきている最新の地盤構造や地震観測記録に関する情報を整理することは重要
である｡特に､想定される宮城県沖地震の一部が破壊したとされる2005年8月16日の宮城県沖地震
(M7.2)では仙台地域で多くの地震観測記録が得られており､筆者らが観測している住友生命ビル
などでは1978年6月12日の宮城県沖地震(M7.4)の際に全く同じ位置で貴重な観測記録が得られ､ 2
づの地震による地震動特性の比較検討は次の宮城県沖地震の地震動予測を行なう上で興味深い｡
以上のような背景の下に､本報告は､ 1 )今回の地震における仙台地域の強震観測記録の概要､
2)仙台地域の地下構造モデルと地震観測記録に基づく卓越周期の検証､ 3)仙台地域の3次元波
動伝播解析､ 4) 1978年宮城県沖地震と今回の地震の強震記録の比較､ 5) 1978年宮城県沖地震
における仙台地域の再現地震動についてまとめたものである｡
2.今回の地震における仙台地域の強震観測記録
(1)観測記録概要
表1には､筆者らが平成15年度に38.35
設置した仙台市小型強震計観測網])を
中心に仙台地域における観測網一覧38.30
を示す｡図1は仙台市の強震計の分布
を既設の地震計も含んで示したもの
で､長町利府断層及び第四紀層基底深
さのコンターも重ね書きしている｡当
観測網の強震計はETNAとqDRから38･20
なるが､うちqDRで長周期までSN
比のよい記録が観測されたのは8/16
の地震が初めてとなる｡
(2)観測記録とその特徴
140.70　140.75　140,80　140.85　140.90　140.95　141.00　141.05
図1　仙台地域の強震観測点
表1には､ 8/16の地震で観測された記録の最大加速度､最大速度(3成分)及び計測震度値も
記載している｡最大加速度が最も大きかったのは市北部の将監中央小であり､ 400Galを観測して
いる｡市北部の造成宅地では2003年5月のスラブ内地震(M7,1)でも瓦屋根などの被害が発生し
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表1　仙台地域の強震観測記録諸元
観測点　　　　　　　緯度　　　経度　　　PG A(cm/S/S)　　PGV(cm/S)　計測震度
(痩)　　(皮)　NS EW UD NS EW UD
幸町小学校
六郷小学校
古城小学校
東六郷小学校
第一中学校
加茂中学校
八乙女中学校
将監中央小学校
松森小学校'!､型強鮒富警慧謂董慧等
鶴谷小学校
押野小学校
南小泉小学校
富沢中学校
東配水管理事務所
滝沢寺
長町南cc
青葉区役所
K-NET MYGO13
KiK-net MYGHOl
中野
38.2741
38T.2 125
38.2331
38.1960
38.2701
38.3129
38.2997
38.3336
38.3171
38.3432
38.2859
38.2879
38.2230
38.2417
38.2155
38.2504
38.2258
38.2209
38.2662
38.2633
38.2370
38.2539
38.2572
38.3175
38.2606
38.3542
38.2544
38.2519
140.9019
140.9365
1 40.9009
140.9526
140.8495
140.8569
140.8950
140.8777
140.9228
140.8421
140.8375
140.9145
140.9170
 40.9094
140.8668
1 0.9300
140.8712
140.8840
140.8737
140.9327
141.0003
141.0072
140.8108
141.0094
140.9708
140.8581
1 0.8842
40.8419
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ており　2)､盛土により短周期地震動を増幅させやすい傾向があると考えられる｡一方､最大速度
が最も大きかったのは長町南コミュニティセンターの21cm/Sである｡この場所は1978年宮城県
沖地震で大きな被害を受けた地域であり3)､計測震度も5.3と最も高い値が得られている,
図2に仙台女子商(No.18)から東六郷小(No.4)まで､長町利府断層を横切った線での速度波
形(住友生命以外は水平2成分を回転して求めたNS成分)を示す｡押野や六郷など長町利府断
層の東側で､かつ78年で被害が大きかった場所3)の振幅が大きくなっていることが分かる｡特に
押野では主要動部分のみならず､周期2-3秒が卓越している後続波の振幅も大きいことが分かる｡
図3は図2のうち､第一中､住友生命ビル､押野小､東六郷小の擬似速度速度応答スペクトル
を重ね書きしたものである｡前述の通り押野で周期2-3秒の振幅が大きくなっている｡図3には
78年宮城県沖地震の住友生命ビル観測記録の応答スペクトルも示している｡全体的に8/16の地震
の方が振幅が小さいが､特に周期1-2秒の帯域でのギャップが大きいことが分かる｡この周期帯
は建物の被害に影響が大きいことが指摘されており4)､ 8/16の地震で建物被害が小さかったこと
の一因と考えられる｡
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図2　観測記録速度波形　　　　　　図3　観測記録の擬似速度応答スペクトル
(2005.8. 16宮城県沖地震, NS成分)　　　　(2005.8. 16宮城県沖地震　NS成分)
3.仙台平野南部の地下構造モデルと地震観測記録による卓越周期の検証
( 1 )仙台地域の地盤構造の概要
仙台地域の地盤構造を浅い地盤構造(表層地質構造)と深部地盤構造に分けて概説する｡
表層地質構造は､長町-利府断層を境に北西側は仙台駅前､一番町など市街地中心部が位置す
る洪積台地になっており､南東側は沖積平野になっている｡ 1978年の宮城県沖地震で大被害を受
けた卸町などはこの沖積平野にある｡また､市街地中心部の位置する洪積台地を取り巻くように､
向山･青葉山などの丘陵地が存在しており､台地の北部には大規模造成地が存在している｡仙台
地域の第四紀層基底は深いところで80m程度であり､荒浜付近で若干浅くなっているが概ね海に
向かって深度を増している｡
一方､深部地盤構造は､後述のように海岸線から西に向かって徐々に深くなっており､基盤深
度は仙台駅付近で約800m､カルデラ地形(白沢カルデラ)付近で最も深くなっている｡
ここでは､地域における最新の深部地盤構造に関する情報として､平成14年度から平成16年度
に実施された仙台平野南部地下構造調査(委員長:大槻憲四郎東北大学教授)で実施された地下
126
構造調査に基づく3次元地下構造モデ
ルについて示す5)0
この調査では､既存の地下構造に関す
る文献･データ調査として､ (丑既往の重
力探査文献とデータ4)､ ②温泉等あ試錐
およびデータ､ ③既往反射法地震探査と
微動観測等の文献､ ④地質文献､に関す
る文献調査を行なうともに､新たに2測
線における反射法探査と20点における
アレ-微動観測を実施し､図4に示す対
象領域(長町-利府断層線の走向方向と
その直交方向に軸をもつ仙台市域とそ
の周辺領域)において新たな3次元地下
構造モデル構築している｡
図中には､既往の反射法探査の主な測
線(宮城県による3測線､ H1 3年度科
図4　仙台平野南部地下構造調査対象領域
(文献5)より)
学技術振興調整費による測線､防災科研
による測線)も表示してある｡深部構造作成にあたり､上述の反射法探査データや愛宕神社の温
泉ボーリング(1200m)､若林区サンピアの温泉ボーリング(350m)をはじめとする対象領域の
深井戸のデータも用いている｡
図5には3次元深部地盤構造モデルの基盤深度図を示す｡主要な断面(東西方向断面と南北方向
断面)の速度構造図については､後述に示す｡図6と図7には､それぞれ､この3次元モデルの各
位置の地盤構造でS波の鉛直入射に対する1次卓越周期と入射波に対する応答倍率の空間分布を
示す｡これらの図より､深部構造の1次卓越周期は東部で短く西に向かって長くなっていること
が分かる｡仙台駅付近の市街地中心部で2.0-2.5秒程度であり､東北大(青葉山)と長町で3秒程
度である｡仙台市西部の最も長いところでは4秒以上になることが分かる｡一方､増幅率は東部で
大きくなっているのが特徴である｡
( 2)強震観測記録に基づく3次元地下構造モデルの1次卓越周期の検証
上記の調査により得られた3次元深部地盤構造モデルについては､防災科研のK-NET､ KiK-net
や東北工業大学のSmall-Titan､仙台高密度強震観測網(仙台アレ-)等の既存の強震観測点にお
いて､ 1998年9月宮城県南部の地震記録等を用いて地盤の周期特性の検証が行われてきているが､
必ずしも十分ではない｡
一方､ 2004年に筆者らは仙台地域において､小型強震計を用いた強震観測網を新たに設置した
1)｡また､この観測網とは別であるが､ 1978年宮城県沖地震で記録が得られた住友生命ビル地下2
階においても地震計を設置している｡
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この観測網により､ 2005年8月16日の宮城県沖地震を含む多くの記録が得られている｡そこ
で､ 8/16の観測記録の応答スペクトルと深部地盤構造モデルから得られる伝達関数から､ l吹卓
越周期の比較を行った｡また､図8は3つの断革の各地点における理論卓越周期と観測に基づく
140o36' 140942■ 140o48' 140o54● 141oOO■ 141006'
'~~一一･･一一　　　　　　　　　　　　　　m
0　　400　800 12001600
図5　深部地盤構造モデルの基盤深度
1408361 140042● 1408481 140o54. 141800. 14100.
:二一一~ー~　　___　___　_　　_　__ヱユ
0　　1　　2　　3　　4
図6　深部地盤構造モデルの1次卓越周期
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1次卓越周期を比較して示したものである｡
観測記録は今回(2005年8月16日宮城県沖
M7.2)のほかに､ 11月15日の三陸沖の地震
(M7.1)と12月17　日の宮城県沖の地震
(M6.1)における記録も分析している｡図8
より､観測記録からは地震の違いによらず1
秒から3秒にピ-クが見られる｡ただし､卸
町付近(No.15)やMYGO13(No.24)の1次周期
は､観測記録の方がやや長周期側に出ており､
詳細な分析が必要である｡
1978年の地震で記録が得られた住友生命
においては2秒程度､東北大学では3秒程度､
また1978年に被害の大きかった長町3)にお
いては､ 3秒付近に1次卓越周期があること
がわかる｡
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図7　1次卓越周期におけるS波の増幅率
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図8　深部地盤構造モデルの3断面における理論と観測による1次卓越周期の比較
3.今回の地震における仙台地域の3次元波動伝播シミュレーション
(1)シミュレーション法の概要
本節では､前述した深部地盤構造モデルを用いて､ 3次元地震波動伝播シミュレーションを行っ
た結果について報告する｡シミュレ-シンはスタッガードグリッドを用いた3次元有限差分法(空
間:4次､時間:2次精度)により行った｡対象領域を図9に示す｡ここで用いた差分法は文献
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6)によって提案されたものであり､境界面に入
射した波が吸収される吸収境界条件と境界面か
ら15格子点を轟状の吸収領域が併用されてお
り､媒質の非弾性減衰も考慮されている｡震源
の運動学的断層モデルとして三次元場の食い違
い格子におけるモーメントテンソルを近似的に
表現する方法である｡
シミュレーションはまず､震源を含む地震基
盤までの大構造モデル7)を用いて､地震基盤に
おける波形を求めた｡これを入射波とし､前述
の3次元地下構造モテル5)を用いて､工学的基
盤を自由境界としたときの波形を求めた｡上述
の2つの地盤構造モデル間の境界条件は吸収境
界としている｡
また､住友生命で観測された波形を地震基盤
まで戻した後､距離補正を行い､この波形を3
次元地下構造モデルに平面波として入射し､工
学的基盤上の波形を求めた｡入射角度は40度
8)を仮定している｡
(2) 8月16日宮城県沖地震の断層モデル
8月16日宮城県沖地震における本震の破壊過
程については､波形インバージョンなどにより
様々な断層モデルが提案されている｡本検討で
は､呉･経線(2005)7)が提案した断層モデル(図
10)を用いた｡地震動シミュレーションを行な
う計算領域は長辺方向が210 km､短辺方向が
110kmである｡表2に2005年8月16日地震の
震源パラメータを示す｡解析周波数は0.6Hzま
でとした｡
前述の3次元深部地下構造を有限差分法に用
いた｡仙台地域以外領域の地下速度構造に関し
ては呉･纏綿(2005)7)を参考にした｡
(3)シミュレーション結果
各観測点の地中速度の計算波形を図11に示す｡
表2　2005年8月16日地震震源パラメータ
地震モーメント(Nm)　　　　6. 27Ⅹ1019
緯度　　　　　　　38. 137
断層原点　経度　　　　　　142.167
深さ(km)　　　　30.0
破壊伝播速度　vR(km/S)　　　3. 4
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図9　解析対象地域
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波形を比較すると､計算波形は観測波形に良く一致しているo　但し､計算したMYGH08の水平成分
波形は観測波形より小さくなっており､これについては､震源･構造の両面から､より詳細な検
討をする必要がある｡
図12と図13は各断面上の観測速度波形と計算速度波形の比較を示す｡上から順に観測波形､ 3
次元計算波形､深部地盤構造を1疾元で計算したときの波形(NSのみ)を示す｡右数字は各波形
の最大速度(cm/S)を示している｡波形を比較すると波形の形は良く一致しているが､計算した波形
の値は観測波形より小さい｡この原因としては先程のMYGH08における結果が小さかったことと
同様な理由であると考えられる｡
図14は､住友生命で観測されたNS成分波形を基盤まで戻したものを平面波入射し､計算波形を
を求めたものと､観測速度波形と比較したものを示す｡洪積台地における波形は比較的よく一致
している｡長町付近においては､他の地点と比べ計算と観測両方の波形の振幅が大きくなってい
るの-がわかる｡押野小や東六郷小での計算波形は観測波形より小さめとなっており､この原因に
ついては､さらに詳細な検討をする必要がある｡
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図11地中観測波形と計算波形の比較(右の数値は波形の最大速度[cm/S】)
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図12　B-B断面上の観測速度波形と計算速度波形の比較
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図13　A-A断面上の観測速度波形(上)と計算速度波形の比較
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度波形(上)と計算速度波形の比較
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4. 1978年6月12日宮城県沖地震と今回の地震の強震記録の比較
前述のように､住友生命ビル地下2階及び東北大学(工学部人間･環境系研究棟) 1階におい
ては､ 1978年6月12日と2005年8月16日の両方の地震記録が得られている｡図15と図16に
はそれぞれ､今回の地震と1978年の地震における両建物における加速度観測波形を比較して示す｡
住友生命が建っている旧市街地は､広瀬川河段丘上にあり､硬質地盤である｡地下2階となると
凝灰岩層(N>50)となっているところが多く3),8)､地盤の非線形の影響は少ないと考えられる｡
図17には擬似速度応答スペクトルをNS方向について示す｡東北大学のある青葉山キャンパス
は丘陵地にあり､新第3期の向山層や大牢寺層の上に青葉山僕層が堆積しており､仙台駅前付近
の住友生命ビルに比べて､ 1秒付近と3秒付近のスペクトル値が大きくなっている｡
図18には住友生命ビルと東北大学の1978年と2005年の応答スペクトル比も示している｡周期
4秒付近(4秒以上ノは地震計ssA-1とSMAC-E計器特性やノイズの可能性あり)まで､両
建物における2つの地震間のスペクトル比の形状は良く似ている｡この図より､ 2005年の地震に
比べ1978年の地震では､特に､ 1秒～2秒の成分が強く放出されていたと考えられる｡前述のよ
うに､仙台市域は1-3秒にl次卓越周期を持つ地盤となっており､ 1978年では､震源の1-2秒
の成分が地盤によりさらに増幅され､大きな被害をもたらしたものと思われる｡逆に､ 2005年の
地震では､この周期帯域の成分が少なかったために建物被害が小さかったと判断できる｡
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図17　応答スペクトルの比較(NS成分)
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図18 1978年と一2005年の応答スペクトル比
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5.観測記録を用いた1978年宮城県沖地震における仙台地域の再現地震動
■(1)評価方法
仙台平野南部地下構造調査によって得られた深部地盤構造を用いて､ 1978年宮城県沖地震の面
的な地震動評価を以下の手順で行った｡
まず､ 1978年宮城県沖地震における住友生命ビル地下2階の強震記録(NS方向成分)から､
深部地盤構造(図20)を用いて､ SH波40度8)入射の逆応答により地盤基盤上の波形を求める(図
19)｡そして､既往の研究により推定されているアスペリティの中央9)からの距離で距離補正を行
い､各観測点の第三紀上面の基盤波を求める｡次に､推定した深部地盤構造を用いて､ SH波40
度8)入射の線形増幅特性を評価し､第三紀上面の地震動を求める｡さらに､被害想定10)の表層地
盤構造を用いて､一次元等価線形理論により非線形増幅特性を評価し､地表面の地震動を求めるo
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図19　住友生命ビルの観測記録(上)と推定基盤
入射波形(下)
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図20　住友生命ビル地点における地盤構造
参考のために､図21には､住友生命ビルにおける観測記録と基盤入射波との伝達関数(各層の
減衰はQ=VS/15として評価)を示す｡また､図22には基盤入射波の擬似速度応答スペクトル
(5%)を示す｡
apn)TTduv Amp(E/2E) 
234567 ?3CRｓr?
0.1　　　　　　　　　　1　　　　　　　　　　10
Perjod( S)
図21　住友生命ビルの観測記録の逆応答解
析に用いた伝達関数
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図22　基盤入射波の擬似速度応答スペクトル
( 2) 1978年宮城県沖地震の推定地震動分布
図23には､工学基盤における地動最大加速度分布を示す｡また､図24には被害想定10)で用い
られた表層地盤構造を用いて､一一次元等価線形解析により得られた､地表面の最大加速度分布(仙
台平野南部地下構造調査領域のうち仙台市域のみ)について示す｡
図25には､前述の図8の断面線A上の観測点における再現地震動(地表面)の加速度波形と
擬似速度応答スペクトルを示す｡図26には､前述の1978年の地震と2005年の地震の応答スペ
クトル比から得られる各観測点位置における1978年の宮城県沖地震際の応答スペクトルを点線
で示している｡
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図23　工学基盤における最大加速度分布
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図24　地表における最大加速度分布
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図25　推定された加速度波形
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図26　推定された擬似速度応答スペクトル(図8(a)の断面線A上の観測点)
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図23の地表面の最大加速度分布から明らかなように､長町-利府断層の南東側の沖積平野部で
は仙台駅前に比べて表装地盤により加速度が大きく増幅されていることが分かる｡図24の推定加
速度波形から洪積台地部では250-300ガル程度であるのに､沖積平野部では400-500ガルとな
っていることが分かる｡
図26の応答スペクトルについて､夷線と破線を比較すると洪積台地の観測点は両者の一一致度は
比較的良く､比較的小ひずみレベルにおける観測点間の応答スペクトルを用いた強震時の応答ス
ペクトル予測が可能であることを示唆している｡沖積地盤においては､ 1978年の地震時における
地盤の卓越周期のところで破線の方が大きく　2005年の地震時における地盤の卓越周期のところ
では実線の方が大きくなる傾向にある｡これらの違いは､ 1秒以下の成分については､地盤の非
線形化の影響､ 1秒～2秒の周期帯域の違いは沖積平野部の記録に見られる後続位相(表面波)の
影響によると思われる｡これらについては､沖積地盤の非線形化の影響を考慮した応答スペクト
ルの補正など､今後さらに検討を進める必要があろう｡
7.まとめ
本報告では､まず､ 2005年8月16日の宮城県沖地震(M7.2)における仙台地域の強震観測記録に
ついて示した｡この観測記録を用い仙台平野南部地下構造調査に基づく3次元地盤構造モデルの
卓越周期特性の検証を行なったところ､モデルの理論卓越周期と観測にもとづく1次卓越周期は
概ね整合していることが分かった｡次に､この深部地盤構造を用いた2005年8月26日の宮城県
沖地震(M7.2)の3次元波動伝播シミュレーション解析例を示すと共に､ 1978年6月12日の宮
城県沖地震と今回の地震の地震動特性に関する比較検討を行った｡今回の地震では78年の地震に
比べて1秒～2秒の周期成分がかなり少ないことがわかった｡最後に､ 1978年宮城県沖地震にお
ける仙台地域の再現地震動の評価を行い､ 1978年の宮城県沖地震における仙台地域の強震動分布
を推定した｡
以上の成果は､近い将来極めて高い確率で発生が予測されている宮城県沖地震の襲来をうける
100万都市仙台とその周辺領域における都市構造物の耐震対策や地域の地震防災対策のための基
礎資料として役立つものと思われる｡
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シミュレーション解析に用いた震源モデルに関するデータは東京大学地震研究所の締頼一起教授と研究員の呉長江
氏からご提供頂きました｡深く感謝いたします｡図の作成にはGMTを使用させていただきました｡
今回解析に用いた強震観測網は､国土交通省平成15-16年度建設技術研究開発費補助金｢強震観測
網を用いた都市構造物群の耐震改修戦略システムの開発｣ (研究代表者:源栄正人)および文部科学省科
学研究費補助金(基盤研究(C) (2)) ｢1978年宮城県沖地震における仙台地域の地震動分布再現の高精痩
化と被害分布の評価｣ (研究代表者:源栄正人)によるものである｡
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